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INTRODUCTION 
The Silurian rocks of the Lesmahagow inlier crop out over an 
area of approximately 80 square miles in the Ayrshire- Lanarkshire 
borderland (Fig. 1). The region is one of gently rolling moorland 
reaching maximum elevation on Nutberry Hill (1712 feet O.D.). It is 
drained by a series of small streams disposed about two watersheds. 
The courses of some of these streams have been in part determined by 
the fault pattern, notable examples being the Greenock Water and the 
Pockmuir Burn. 
Approximately 60 square miles, comprising the eastern two 
thirds of the inlier, were mapped by the author between 1958 and 1961 
on the Ordnance Survey 6" sheets NS 62, 63, 64, 72, 73 and 74. Geolo- 
gical Survey of Scotland sheets 22, 23, 14 and 15 cover the area. 
Structurally the area is a complexly faulted pericline 
separating the Carboniferous basins of Douglas, Lanark, Ayr and Muirkirk 
(see Macgregor and MacGregor, 1948, p.12 and 13). Following the dis- 
covery of well -preserved eurypteroids by Slimon (see Murchison, 1856), 
the area has been studied by many geologists. Between 1855 and 1899 
a great deal of collecting was done and many papers were published 
describing the unusual fauna of the area. In 1899 Peach and Horne 
gave 
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gave a complete account of the stratigraphy and structure of the area 
and summarised the earlier literature (see Peach and Horne, 1899, Chap. 
24 and Appendix, p.717). These authors divided the succession into 
11 parts and considered that it represented an unbroken sequence ranging 
in age from ( ?)Wenlock to Lower Old Red Sandstone. The general anti- 
clinal form of the inlier was described and its succession compared with 
that of the adjacent Hagshaw Hills inlier. Since 1899 almost all the 
work done on the area has been palaeontological. This work has been 
principally concerned with the age of the rocks, their correlatives in 
Scotland and Norway, and the importance of their record to the problem 
of the Siluro- Devonian boundary. (See Denison, 1956; Heintz, 1939, 1957; 
King, 1934; Lamont, 1947, 1952, 1955; Macgregor and MacGregor, 1948; 
Pringle and Ross, 1930; Robertson, 1957; Stetson, 1927, 1928; St9Srmer, 
1934; and Westoll, 1945, 1948, 1958.) 
The objects of this work were as follows: 
1. To remap the inlier and to re- examine the structural and strati - 
graphic interpretations made by Peach and Horne (1899). 
2. To study the detailed stratigraphy of the Lesmahagow inlier and 
to attempt to reconstruct the sedimentary history of the region with 
particular reference to the relationship between sedimentation and 
tectonics. 
The laboratory work was done in the Grant Institute of Geology, 
University of Edinburgh and the Geologisches Institut der Universitat, 
W{irzburg, Bavaria. 
PART 




Peach and Horne (1899) divided the Silurian rocks of the 
Lesmahagow and Hagshaw Hills Inliers into 11 parts. The lowest beds 
were considered to be of Wenlock age and consisted of hard bands of 
greywacke with shale partings. The succeeding five divisions; 
lithologically greywackes, mudstones and dark fissile shales, were 
correlated with the Ludlovian and included the highly fossiliferous 
Ceratiocaris, Pterygotus and Trochus beds. In this work the above 
rocks comprise the Priesthill group and have been divided into five 
formations. 
The red and yellow sandstones and olive mudstones of Peach 
and Hornets divisions seven to eleven have been divided into two groups - 
the Waterhead and Dungavel groups, in this thesis. Peach and Horne 
considered these five divisions to be of Downtonian age. 
There have been many reinterpretations of Peach and Hornets 
correlation of the Lesmahagow rocks (see Denison, 1956, Westoll, 1955). 
Following the recent work of Rolfe (1960) the most up to date inter- 
pretation available is that shown in the Table of Succession. The 
"Greywacke conglomerate" (division 12 of Peach and Horne) remains the 
base of the Lower Old Red Sandstone. The Dungavel and Waterhead groups 
are 
are pre -Devonian, possibly Upper Wenlock and /or Ludlow in age, and the 
Priesthill group by comparison with the Ree Burn formation of the 
Hagshaw Hills area is considered to be, in its lower parts at least, 
of Upper Valentian and possibly Lower Wenlock age. 
Certain stratigraphie errors were made by Peach and Horne; 
for example, these authors considered that their "Downtonian" rocks 
contained but one fish -bearing horizon and that no unconformities were 
present in the successions of either the Lesmahagow or Hagshaw Hills 
Inliers. This work has shown that both these contentions are untenable 
for reasons stated below. It has also been shown that the inclusion of 
the "Ludlow fish bed" in the "Ceratiocaris beds" is incorrect, the latter 
horizon being much lower in the succession than was previously thought. 
The stratigraphie nomenclature proposed in this thesis follows 
the suggestions of the Stratigraphie Commission of the American Associa- 
tion of Petroleum Geologists (Moore, 1947). Rock colours are referred 
to the Rock -Color Chart distributed by the National Research Council 
(Goddard, 1948). 
2. Table of Succession 
LOWER OLD RED SANDSTONE 
Sandstones with Cephalaspis 






DUNGAVEL GROUP: probably post Wenlock. 
Plewland sandstone; fine- grained sandstones. 
Middlefield conglomerate: boulder conglomerate, pebbly 
grits and sandstones. 
WATERHEAD GROUP: in part probably Wenlock. 
6-350' Logan formation: alternating fine -grained sandstones 
and silty mudstones. 
200' Slot Burn formation: shales, mudstones and fine- grained 
sandstones with a fish -bearing 
horizon. 
160 -330' Monument formation: medium and fine -grained sandstones 
and silty mudstones. 
180 -300' Dippal Burn formation: shales, mudstones and fine- grained 
sandstones with a fish- bearing 
horizon. 
500 -620' Birkenhead sandstone: medium and fine -grained sandstones. 
660 -1280' Leaze formation: alternating sandstones and silty 
mudstones. 
120 -150' Passage formation: alternating variegated sandstones and 
silty mudstones. 
PRIESTHILL GROUP: in part Valentian. 
130 -210' Dunside formation: fine- grained fïaggy sandstones and 
mudstones with bored beds. 
240-500' Blaeberry formation: shales and mudstones. 
60 -440' Kip Burn formation: finely -laminated shales and mu d- 






PRIESTRILL GROUP (ctd.) 
Castle formation: calcareous siltstones and thin shales. 
Patrick Burn formation: alternating greywackes and shales 
with a fish -bearing horizon. 
3. Detailed Stratigraphy 
(a) The Priesthill Group 
The Priesthill group has been named after Priesthill farm 
(7 2 0 3 1 1 ) and has been divided into five formations. The group 
consists of greywacke /shaleN alternations, calcareous siltstones, lami- 
nated carbonaceous shales, mudstones and sandstones. The formations 
of the group vary in thickness as shown in Fig. 2 . With the 
exception of the Castle formation the group is fossiliferous throughout, 
though fossils are not usually abundant. 
(1) Patrick Burn formation 
The Patrick Burn formation is an arenite /shale sequence and 
constitutes the oldest rocks of the Lesmahagow Inlier. This formation 
is exposed to a maximum estimated thickness of 1300 ft. 
The / 
The term greywacke in this thesis refers to poorly sorted arenaceous 
rocks having a dominantly clay matrix and possessing the bedding 
characteristics and surface structures attributed to turbidity 
current deposition by Kuenen and Migliorini (1950). The term is 
not confined by the compositional limits set by Pettijohn (1957). 
The arenites are very often greywackes within the definition 
stated above. They show graded bedding, many units having multiple 
grading, and are sometimes seen cutting into the shales beneath. Sole 
markings are frequent and include load, groove, flute and prod casts 
and both transverse and longitudinal ripple marks. The upper parts of 
the greywackes are often laminated, sometimes micro- cross -laminated and 
may show convolution and ripple marking. The greywackes range in 
thickness from stringers less than one inch thick to massive units up 
to five feet in thickness, averaging between four and eight inches. 
They are frequently coarse grained and contain fragments of the under- 
lying shale. When fresh they are medium grey (N5) in colour weathering 
to dark yellowish orange (10YR 6/6). They are pyritous. 
Fine -grained sandstones are associated with the greywackes. 
They are laminated, micaceous and contain abundant carbonaceous debris. 
Most commonly they are between three and five inches in thickness and 
are not graded. 
The arenites alternate with "shales" which consist of greenish 
grey (5GY 6/1) and olive grey (5Y 4/1) mudstone alternating with dark - 
grey (N3) finely laminated silt, very rich in carbonaceous debris. 
The thickness of the two components varies from á inch to two or three 
inches and the ratio between them is very variable. Calcareous 
concretions / 
concretions are frequently found in the shales. They are ovate in 
shape and up to eight inches across. They must have formed very soon 
after the deposition of the adjacent sediment as the laminae passing 
through them are barely compacted. The concretions are sometimes of 
septarian character and often fossiliferous, the fossils being preserved 
uncrushed within the concretion. (Plate 1). 
Slumping is occasionally present in the shales in zones up to 
18 inches in thickness. Arenite /shale ratios are variable both 
vertically and laterally. 
The fauna of the Patrick Burn formation has not yet been fully 
investigated. It has two distinct components: that of the greywackes 
and that of the shales with which they alternate. The greywackes 
contain a resedimented shelly fauna of brachiopods, lamellibranchs, 
cephalopods, crinoids, trilobites and ostracods including Orthis sp., 
Leptaena sp., Orthoceras sp., Encrinurus sp., Pterinea retroflexa, 
P. pleuroptera, Anodontopsis bulla, A. lucina, Ctenodonta obesa, Mytilus 
mytilimeris, Orthonota amygdalina, O. bulla, O. impressa, O. solenoides, 
Beyrichia sp., bryozoan fragments and crinoid columnals. 
The shales have yielded a rich indigenous fauna at certain 
localities which includes Thelodus scoticus, T. planus, Jamoytius 
kerwoodi, Ainiktozoon loganense, Ceratiocaris longa, C. murchisoni, 
C. papilio, C. stygius, Slimonia acuminata, Platyschisma helicites, 
Archidesmus / 
Archidesmus loganensis, Cyamocephalus loganensis and Palaeophonus 
caledonicus. 
The formation is well exposed in the River Nethan and its 
tributaries upstream from Eaglinside, in the Patrick Burn, Ponesk Burn 
and their tributaries, on the northern slopes of Nutberry Hill and in 
the Greenock Water and the Lamon Burn. 
(2) Castle formation 
The Castle formation overlies the Patrick Burn formation 
without angular discordance. It is about 200 feet in thickness and 
consists of massive fine -grained micaceous siltstones with shale partings. 
The siltstones are calcareous, dark greenish grey (5GY 4/1) in colour 
and vary in thickness from four inches to two feet six inches. They 
are homogeneous, sometimes irregularly bedded and weather characteri- 
stically along curved surfaces. 
The shaley mudstone partings are similarly greenish grey in 
colour and are only rarely laminated. The formation is unfossiliferous. 
Sedimentary structures are not common but both the upper and 
lower surfaces of the siltstones are occasionally ripple marked. 
The formation can be seen underlying the "Ceratiocaris bed" at 
Shank's Castle, immediately below the reservoir in Logan Water and has 
been traced from the Eaglin Burn via the Logan Water, Kip Burn and the 
Patrick 
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Patrick Burn to the Lemon Burn. 
(3) Kip Burn formation 
The Kip Burn formation succeeds the Castle formation and 
passes down into it. The formation consists of greyish -olive (10Y 4/2) 
mudstones with bands of greyish -black (N2) finely laminated silty 
mudstone rich in carbonaceous material. The dark laminated bands 
become thinner and less common as the succession is ascended and even- 
tually die out. The formation thins markedly south westwards from an 
estimated 440 feet in Logan Water to about 60 feet in the Lemon Burn. 
The basal beds of this formation are exposed in the Logan 
Water immediately below the reservoir. They consist of dark carbona- 
ceous laminated siltstones with very few olive mudstone bands. These 
beds were called the "Ceratiocaris beds" by Peach and Horne and are 
highly fossiliferous yielding Ceratiocaris laxa, C. longa, C. papilio, 
C. stygius, Slimonia acuminate, Pterygotus, Dictyocaris ramsayl, Platy - 
schisma helicites and rare Birkenia and Thelodus. Similar lithologies 
are seen overlying the Castle formation elsewhere in the inlier, notably 
in the upper reaches of the Logan Water above the reservoir. 
The higher beds of the formation yield a rich eurypterid fauna 
including Eurypterus (cf. Hughmilleria) lanceolatus, E. obesus, E. scorpo- 
ides, Erettopterus (Pterygotus) bilobus, E. raniceps, Slimonia acuminata, 
Stylonurus / 
Stylonurus logani, Ceratiocaris papilio, Neolimulus falcatus and Lingula 
minima. These beds contain calcareous concretions and occasional 
stringers of micaceous siltstone. In the Blaeberry Burn the same beds 
yield lamellibranchs including Modiolopsis nilssoni and Orthonota sp. 
The Kip Burn formation is well exposed in the Logan Water, 
Blaeberry and Kip Burns, Leaze Burn and Patrick Burn. Its basal beds 
can be seen overlying the Castle formation in the Eaglin Burn. 
(4) Blaeberry formation 
The Blaeberry formation consists of dark -greenish -grey 
(5GY 4/1) and greyish olive (10Y 4/2) shaley mudstones varying from 240 
to at least 500 feet. In the eastern part of the area these beds are 
seen in the Logan Water and Blaeberry Burn where they are irregularly 
bedded mudstones and siltstones with occasional carbonaceous laminae 
and thin calcareous bands. When weathered they have a rusty appearance. 
They are fossiliferous containing Eurypterid fragments, Beyrichia 
kloedeni, Platyschisma helicites, Lingula sp., and fragments of Dictyo- 
caris. 
The formation thickens south westwards as shown in Fig. 2 . 
The thickening is accompanied by a facies change to massive greyish -olive 
(10Y 4/2) silty mudstones with occasional rottenstone bands. These 
beds are well exposed in a small stream about half -a -mile east- north- 
east / 
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east -north -east of Waterhead farm where they are highly fossiliferous 
yielding Goniophora cymbeaformis, Modiolopsis complanata, M. nilssoni, 
Orthonota impressa, O. rotundata, O. solenoides, Platyschisma helicites, 
Dictyocaris sp., Slimonia acuminata, abundant Beyrichia kloedeni, 
Spirorbis lewisi and eurypterid fragments. 
The formation is exposed in the Lamon Burn, the headwaters of 
the Patrick and Leaze Burns, and in the Kip, Blaeberry and Logan Water 
sections. 
(5) Dunside formation 
The Dunside formation consists of medium to fine -grained pale 
olive (l0Y 6/2) sandstones alternating with pale olive, buff weathering 
mudstones. Beds of muddy silt showing the extensive activities of 
boring organisms are common and chondritiform markings are sometimes 
seen. 
The sandstones are often flaggy and vary in thickness from a 
few inches to five feet. They are micaceous, sometimes cross -bedded 
and may contain pale -olive clay galls. 
The formation is fossiliferous especially in its lower parts 
containing abundant Platyschisma helicites which gave its name to Peach 
and Homes' stratigraphic nomenclature ( "Trochus Beds "). Other fossils 
found in this formation include Lingula sp., Modiolopsis nilssoni, 
Orthonota 
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Orthonota solenoides, Beyrichia kloedeni, Spirorbis lewisi and 
Dictyocaris sp. The formation shows a faunal as well as a litho - 
logical gradation into the underlying beds. Its upper contact is 
likewise a lithologic transition. 
The formation can be traced from Dunside farm (751371) via 
the Blaeberry, Kip and Leaze Burns to the headwaters of the Patrick 
Burn and the Lamon Burn. 
(b) The Waterhead Group 
This group takes its name from Waterhead farm (699309) where 
it is well exposed. It consists of red brown sandstones and mudstones, 
massive yellow -brown cross- bedded sandstones and olive -green shales and 
sandstones which contain finely laminated carbonaceous silts with fish 
remains. The lithological units of the group vary in thickness as 
shown in Fig. 3 . 
Apart from the fish beds the group is unfossiliferous. At 
the present time it is impossible to recognise faunal differences 
between the fish-bearing horizons. They differ in detailed strati - 
graphy from place to place in that the proportion of non -laminated 
mudstone separating the carbonaceous laminated zones varies both 
regionally and within the bed at any one locality. In all probability 
the / 
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the fish beds do not occupy the same stratigraphie position in their 
respective formations throughout the area. The detailed stratigraphy 
and palaeo -ecology of these fish -beds are at present being studied by 
Mr. Ritchie. 
(1) Passage formation 
The Passage formation consists of alternating sandstones and 
mudstones varying in total thickness from 120 to 150 feet. The forma- 
tion is a lithologie transition from the green beds of the Dunside 
formation into the red beds of the Leaze formation, and marks the 
incoming of red bed facies into the Lesmahagow area. 
The sandstones vary from a few inches to five feet in thick- 
ness; they are medium to fine in grain, often flaggy, and occasionally 
cross -bedded. The sandstones vary in colour from greyish red (5R 4/2) 
at the top of the formation to pale olive (10Y 6/2) at the bottom and 
are frequently variegated. They contain clay galls of either greyish 
red or pale olive mudstone and are often highly micaceous. 
The mudstones similarly grade in colour from shales of red to 
olive green and maintain their red colours and variegations of colour 
much lower in the sequence than the sandstones. As the succession is 
descended the mudstones become less and less an irregular mixture of 
grades. They vary from partings to beds three feet in thickness. 
Mudcracks 
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Mudcracks are present in the greyish red mudstones but have not been 
observed in the green mudstones. Sandy mudstones showing the effects 
of boring organisms are common in this formation. Chondritiform 
patterns can sometimes be observed. An unidentified species of 
Lingula is the only fossil known. 
The formation can be traced south westwards from Blaeberry 
Burn via the head of the Leaze Burn and the Patrick Burn to the Lamon 
Burn. 
(2) Leaze formation 
The formation consists of alternating medium to fine -grained 
sandstones and silty, sometimes sandy, mudstones. It is about 1200 
feet thick in Leaze Burn. Both the sandstones and mudstones are 
usually greyish red (5R 4/2) in colour though towards the bottom of 
the sequence in Blaeberry Burn some greenish grey (5GY 6/1) sandstones 
occur. 
The sandstones vary from one to 24 inches in thickness, 
averaging between three and eight inches. They are usually laminated, 
micaceous, and contain abundant greyish red clay galls. Occasionally 
more massive medium -grained felspathic sandstones, which are sometimes 
cross -bedded and up to five feet in thickness, are present. The fine - 
grained sandstones often show more complex bedding structures such as 
ripple / 
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ripple lamination, micro- cross -bedding and convolutions. They are 
frequently ripple marked and may channel into the underlying material. 
Small intra- formational disconformities are present. 
The mudstones are invariably silty or sandy and highly micaceous. 
Mudcracks are common. The mudstones vary in thickness from partings to 
beds two to three feet thick but are most commonly between two and eight 
inches. In some exposures, crude lamination and some convolution can be 
seen in the mudstones. 
The formation is well exposed in the Leaze Burn, in the Kip and 
Blaeberry Burns and in the upper reaches of Birkenhead Burn. It is 
unfossiliferous. 
(3) Birkenhead sandstone 
The Leaze formation passes up in to the Birkenhead sandstone 
through a passage zone which varies in thickness from 10 to 160 feet. The 
passage rocks consist of pale yellowish -brown (10YR 6/2) medium- grained 
sandstones up to three feet in thickness alternating with greyish -red 
(10R 4/2) sandy mudstones. The sandstones are cross -bedded, ripple marked, 
and contain greyish red clay galls. The mudstones exhibit mudcracks, crude 
lamination and are highly micaceous. 
The passage rocks are succeeded by massive cross -bedded, and 
ripple marked medium -grained sandstones, greyish -orange (10YR 7/4) or very 
pale 
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pale orange (10YR 8/2) when fresh which weather to a characteristic 
dark yellowish- orange (10YR 6/6). Occasional pebbly horizons occur 
within these massive sandstones. The pebbles are dominantly of acid 
igneous rocks, up to one inch across, and are accompanied by pale 
yellowish -green (10GY 7/2) clay galls. No mudstone partings or beds 
of mudstone have been observed in the massive "yellow" sandstones and 
they contain very little mica. 
The Birkenhead sandstone is unfossiliferous. It reaches a 
maximum thickness of 620 feet in the region of the Dippal Burn. 
Exposures can be seen on the eastern slopes of Middlefield Law, in the 
Dippal Burn, in the higher reaches of the Kype Water, and in Birkenhead 
Burn. 
(4) Dippal Burn formation 
This formation is well exposed in the Dippal Burn in the region 
of and downstream from the shepherd's house (699325). This formation 
overlies the Birkenhead sandstone conformably with no transitional zone 
and passes up into the Monument formation. 
The lowest beds are dark greenish grey (5GY 3/2) shaley mud - 
stones which, after ten feet, are succeeded by three feet of light grey 
(N8) medium grained ripple marked sandstone. This sandstone is 
immediately overlain by four feet six inches of finely laminated silty 
shale / 
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shale, olive black (5Y 2/1) when fresh. This bed yields a fauna 
including Birkenia elegans, Lanarkia horrida, L. spinosa, L. spinulosa, 
Thelodus taiti, Lasanius problematicus, L. armatus, Ateleaspis tessellata, 
Mixopterus dolichoschelus, Pachytheca sp., plant fragments and a possible 
Myriapod. It is virtually identical in gross lithology with the fish - 
bearing beds of the Slot Burn formation described below. 
The remainder of the section consists of dark greenish grey 
(5Y 4/1) shaley mudstone with ribs of fine-grained, micro-cross-bedded 
greyish olive green (5GY 3/2) sandstone passing up into massive fine 
grained greyish olive green sandstones, occasionally exhibiting slump 
structures, and up to six feet in thickness. 
The formation has been traced from the eastern flanks of 
Middlefield Law, where it contains a fish bed approximately 16 feet 
thick (the increase being due to a thickening of the mudstone horizons 
within the fish bed), via the heads of the Dippal and Kip Burns to the 
foot of Auchingilloch Glen. It is not exposed in the extreme eastern 
end of the idler in either Logan Water or Birkenhead Burn. 
(5) Monument formation 
The rocks are greyish red (10R 4/2) medium -grained sandstones 
and silty mudstones, varying in total thickness from approximately 330 
to 160 feet. The formation is well exposed in the tributary to the 
Dippal / 
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Dippal Burn joining the main stream from the north about 400 yards 
upstream from the shepherd's house. There the Dippal Burn formation 
is succeeded through a zone of passage by about 25 feet of alternating 
fine grained greyish red sandstones (averaging between three and eight 
inches in thickness) and silty mudstones. The sandstones are micaceous 
and are often ripple laminated; they contain abundant greyish red clay 
galls. 
The alternating sandstones and mudstones are succeeded by 
massive, felspathic, micaceous, cross -bedded, medium grained sandstones 
of greyish red colour. Greyish red clay galls are abundant and 
occasionally small pebbles up to half -an -inch in diameter occur. 
Similar rocks are seen lower down the Dippal Burn, on the 
eastern flanks of Middlefield Law and in Auchingilloch Glen. The pro- 
portion of alternating sandstone / mudstone and massive cross -bedded 
sandstone in the succession vary laterally but faulting and poor 
exposure do not allow the detailed variations to be studied. The red 
beds underlying the olive shales of Birkenhead Burn at localities B, 
124 -125 are correlated with this formation. 
(6) Slot Burn formation 
The Slot Burn formation is approximately 200 feet thick and 
consists of dark greenish grey (5GY 4/1) mudstones and silty sandstones. 
Near / 
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Near the foot of Slot Burn the section contains a bed, about 15 feet 
in thickness in which dark, carbonaceous, silty, finely laminated zones 
occur. This bed yields well preserved fish. 
The lowest beds of the sequence are shaley mudstones, dark 
greenish grey in colour which are occasionally variegated greyish red 
(l0R 4/2) and in which medium grey (N5) micro -cross -bedded silty sand- 
stones up to six inches in thickness occur. These beds pass down into 
the Monument formation and are succeeded by the fish -bearing horizon. 
The fish bed consists of zones of dark grey (N3) finely lam- 
inated silt and mud alternating with zones of non -laminated medium grey 
(N5) mudstone. Small pellets of greenish grey mudstone up to g" across 
are common and the dark carbonaceous zones are pyritous. The material 
weathers to moderate yellowish brown (10YR 5/4). The fossils are found 
almost without exception in the dark silty laminated zones. Towards 
the top and bottom of the bed the non -laminated mudstones, accompanied 
by dark greenish grey (5GY 4/1) flaggy fine grained sandstones up to two 
or three inches in thickness, becomes the dominant lithology and 
eventually finely laminated material disappears altogether. 
The fauna of the fish bed consists of the same genera and 
species as the lower fish -bearing horizon already described. 
The remainder of the section is composed of dark greenish grey 
(5GY 4/1) / 
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(5GY 4/1) sometimes shaley mud.stones with greenish grey micro- cross- 
bedded fine sandstones up to one foot in thickness which are succeeded by 
massive medium grey (N5) to dark greenish -grey (5GY 4/1) fine -grained 
sandstones. The sandstones are sometimes flaggy and usually show micro - 
cross- bedding. Slump structures are present in the upper parts of this 
sandstone member. 
The formation has been traced north eastwards in tributaries of 
the Dippal Burn to Auchingilloch Glen. The olive sandstones and mud - 
stones with fish bearing zones 12 inches in thickness pass down into red 
beds in an old quarry (728407) 400 yards east of South Hill farmhouse and 
probably belong to this formation. The sandy beds at the top of the 
formation are seen at a point 600 yards SSW of Auchrobert farmhouse near 
the south bank of the Logan Water. The formation is also present in 
Birkenhead Burn where it can be seen overlying red beds (south bank 
locality B. 126). In this section two fish beds are present. The 
lower one is exposed in an excavation on the south bank (locality B. 126); 
it is about six feet thick and is separated from the underlying red beds 
by five feet of olive mudstone. The higher one is exposed on the north 
bank at locality B. 130. The dark fish -bearing zones are particularly 
finely laminated and are found alternating with mudstone over fifteen feet 
of section. 
(7)Logan formation / 
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(7) Logan formation 
The Logan formation varies in thickness from six to a probable 
maximum of 350 feet and consists of alternating sandstones and silty 
mudstones. The sandstones are usually greyish red (10R 4/2) or pale 
brown (5YR 5/2) in colour and range in thickness from two inches to three 
feet. Occasionally massive greenish grey (5G 6/1) fine -grained sandstones 
up to 12 feet in thickness occur towards the top of the sequence. All 
the sandstones show complex bedding structures. They may be laminated 
or ripple laminated or may show more complicated micro -cross lamination or 
convolution. They are micaceous throughout and contain greyish red 
(10R 4/2) clay galls. 
The mudstones are similarly micaceous and greyish red in colour. 
They are characterised by an irregular mixture of grade sizes, being 
frequently sandy. Irregular lamination is often present but difficult 
to study as these beds readily crumble. Weathering causes a partial 
colour change to pale yellowish green (10GY 7/2), especially along joint 
planes. 
The sandstone /mudstone ratio is variable both vertically and 
laterally, the sandstones varying rapidly in thickness. Channelling is 
a common feature of these beds. 
The formation overlies the Slot Burn formation conformably and 
is / 
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is succeeded paraconformably by conglomerates of the Dungavel group. 
The thickness variations are explained as resulting in part from pre - 
conglomerate erosion and in part to lateral facies changes. Inadequate 
exposures prevent one from assessing the importance of the latter 
possibility. 
These beds are well exposed in Logan Water downstream from 
Dunside farm, in Regal Burn and at the head of the Slot Burn. They are 
unfo s s ilif erous . 
(c) The Dungavel Group 
The conglomerates and sandstones overlying the Logan formation 
and overlain by the Greywacke Conglomerate (Peach and Horne, 1899) have 
been named the Dungavel group. The detailed stratigraphy of these rocks 
is difficult to determine owing to faulting and poor outcrop and they 
have received group status because of their thickness and individual 
character when compared with the rocks of either the Waterhead or 
Priesthill groups. Lithologically they are allied to the conglomerates 
and sandstones of the Lower Old Red Sandstones overlying them. 
Two broad divisions have been recognised over the area mapped: 
a lower one consisting of conglomerates and conglomeratic sandstones and 
an upper one of fine grained micaceous sandstones. 
No/ 
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No fossils have been found in the Dungavel group with the 
exception of a fragment of organic material seen in thin section and 
illustrated in Fig. 4 . 
(1) Middlefield conglomerate 
The basal beds of the Dungavel group are conglomeratic through- 
out the area. The contact between these conglomerates and the under- 
lying rocks is not often exposed but when it is very little or no 
angular discordance can be detected between them and the underlying 
Logan formation. On the northern slopes of Middlefield Law conglomerates 
and sandstones of this formation can be seen resting with very gentle 
angular unconformity upon the rocks of the Waterhead group. In the 
Powbrone Burn (687343) a similar relationship can be seen. The basal 
beds of this group are well exposed in Logan Water near Auchrobert farm 
(765383) where they overlie the Logan formation without detectable 
angular discordance, a relationship which is also seen in Birkenhead 
Burn, where the Logan formation is only six feet thick. The rapid 
variations in thickness of the Logan formation and the limited field 
data suggest that there is a break at the base of the Dungavel group and 
that its rocks are either paraconformable or gently unconformable on the 
underlying Waterhead group. 
Two lithologic divisions have been recognised in this forma- 
tion / 
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formation, both of which are conglomeratic. Wherever the lowest 
horizons of the formation are seen they consist of massive boulder 
conglomerates with a sandy matrix and with lenses of cross -bedded, 
felspathic, micaceous sandstone, greyish -brown (5YR 4/2) in colour. 
These conglomeratic rocks were mapped as the "Quartzite conglomerate" 
by Peach and Horne. The boulders reach a maximum of 18 inches in long 
diameter, averaging between two and six inches, are very well rounded 
and have high sphericity. They consist dominantly of quartzite, vein 
quartz, jasper and acid igneous rocks. As the succession is ascended 
the sandstone becomes the dominant lithology and conglomerate occurs 
only as isolated lenses. This member can be particularly well seen 
in the Logan Water in the region of Auchrobert farm (765383) and in 
Birkenhead Burn about mile upstream from Birkenhead farmhouse. It 
has also been recognised in the Kype Water (748118), in the Powbrone 
Burn (687343) and near the head of the Slot Burn (677314). From the 
limited data available the member appears to thin south westwards. 
In the Powbrone Burn the higher member of the Middlefield 
conglomerate is well exposed. It consists of greyish -orange (10YR 7/4) 
very coarse pebbly sandstones and pebbly conglomerates and has been 
recognised near the head of the Pockmuir Burn, in the River Nethan 
immediately below Eaglinside, in Regal Burn, on Middlefield Law, in the 
Glengavel 
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Glengavel Water, in Rallis Burn and in Dykes Burn. The pebbles reach 
a maximum of about nine inches in diameter and average between one and 
three inches. They consist of vein quartz, quartzite and jasper. This 
member contains very little clay or mica and is highly quartzose. Its 
rocks are cross -bedded and sometimes ripple marked. 
The upper member of the Middlefield conglomerate can be seen 
passing up in to the Plewland sandstone in both the River Nethan and 
Hall's Burn sections where laminated medium grained pale yellowish brown 
(10YR 6/4) sandstones form the transition rocks. 
(2) Plewland sandstone 
The highest formation of the Dungavel group consists of greyish 
red (10R 4/2) or pale brown (5YR 5/2) medium to fine -grained micaceous 
sandstones. The sandstones are almost invariably complexly - cross -bedded 
and contain abundant greyish red (10R 4/2) clay galls. Mudstone 
breccias occasionally occur. Mudstone partings are present but very 
rare, the formation consisting almost entirely of sand grade material. 
The formation is exposed in the Pockmuir Burn, in the River 
Nethan and Birkenhead Burn where it is overlain by the Greywacke 
Conglomerate, in the Glengavel Water and in the Little Grain and middle 
Grain tributaries of the Powbrone Burn. 
In 
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In the Burnbrae Burn rocks belonging to the Dungavel group 
are exposed. They do not fall readily into the formations described 
above and consist of greyish red (10R 4/2) and yellowish grey (5Y 8/1) 
pebbly and conglomeratic sandstones with conglomerate lenses and cross - 
bedded medium grained micaceous greyish red (10R 4/2) and pale yellow 
brown (10YR 6/4) sandstones. This is the only section in the area 
where rocks of Plewland sandstone facies are overlain by quartzose 
conglomeratic deposits and their relationships to the two principal 
formations of the group are unknown. 
In certain areas already described the " Greywacke conglomerate" 
can be seen overlying the Plewland sandstone without measureable angular 
unconformity. The "Greywacke conglomerate" may well be a lenticular 
deposit, very probably not laterally continuous over the whole of the 
Lesmahagow area. Its value as a mappable horizon is negligible as it 
is so rarely exposed and its value as an important time- rock -unit in this 
area considered to be unsatisfactory. However, as no new palaeonto- 
logical evidence has been forthcoming from the rocks of the Dungavel group 
during the present study, the " Greywacke conglomerate" must remain the 
basal unit of the Old Red Sandstone of the area. 
It is possible that the formations described above are in part 
lateral / 
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lateral equivalents of each other. As the succession lacks marker 
horizons and is on the whole not well exposed, it is impossible to judge 
to what extent this is so. 
Estimated thicknesses of the various formations of the Dungavel 
group are shown in Fig. 5 . 
4. Palaeontological Note and List of Fossils 
It is important to note that, despite the Valentian age and 
apparently suitable lithology, no graptolites have been recorded from 
the Patrick Burn formation. Furthermore, it is considered unlikely 
that, as other delicate organisms (for example Jamoytius kerwoodi) are 
preserved in intricate detail, non -preservation is the reason for their 
absence. The only explanation of this phenomenon which is considered 
reasonable to the author is that graptolites did not for some reason live 
in any abundance in the waters of the region at this time. 
The shelly fossils - brachiopods, trilobites, cephalopods, 
crinoid columnals and bryozoan fragments - found in the turbidites of the 
Patrick Burn formation are considered to be derived from a shallower 
"shelf" environment and were not indigenous to the quiet water conditions 
of the region. This proposed "shelf" environment has not been found 
in situ. 
The 
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The occurrence of well -preserved fish remains at various 
horizons in the Lesmahagow succession is of great interest. In the 
Patrick Burn formation Thelodus scoticus, T. planus and Jamoytius 
kerwoodi are found in the shales associated with shelly fossils in the 
turbidites. There seems little doubt that their environment was marine. 
Another species of Thelodus - T. taiti - is found together with species 
of Lanarkia, Birkenia, Lasanius and Ateleaspis in the "fish beds" of the 
Waterhead group. It is suggested from geochemical evidence, that these 
fish- bearing strata are not of marine origin but represent low salinity 
quiet tlagoonalt conditions. The fish faunas of the Lesmahagow Basin 
are considered to be indigenous as near -perfect specimens are frequently 
found. 
Ostracods, mainly various species of Beyrichia, are abundant 
at certain horizons, particularly in the higher parts of the Blaeberry 
formation. They also occur in the greywackes of the Patrick Burn 
formation. At the present time too little is known about the environ- 
mental tolerances of specific ostracods to attach any significance to 
their occurrence at one particular horizon. 
In the Passage formation the activities of boring organisms 
are much in evidence. These tracks, trails and burrows are attributed 
to "worms" though no remains of the animals concerned have been found, 
probably / 
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probably due to their soft structure. These features are limited to 
the lowest beds of the Leaze formation, the Passage formation and the 
Dunside formation. 
The following list of fossils has been compiled with the help 
and advice of Mr. A. Ritchie, who is at present engaged in detailed studies 
of the fish faunas of the Lesmahagow and Hagshaw Hills inliers. Most of 
the species were listed by Peach and Horne (1899), the remainder having 
come to light during our present investigations. The list is not 
intended to be comprehensive. Its object is to summarise the available 
data with respect to the stratigraphie terminology proposed above. 
Dr. W.D.I. Rolfe is at present studying the Phyllocarids from 
both the Lesmahagow and Hagshaw Hills inliers. 
1 Patrick Burn formation 
2. Kip Burn formation - Ceratiocaris bed 
3. Kip Burn formation - above Ceratiocaris bed 
4. Blaeberry formation 
5. Waterhead group fish beds 
List of Fossils / 
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List of Fossils 
ECHINODERMATA 
1 2 3 4 5 
Crinoid columnals 
POLYZOA 
Bryozoan fragments x 
BRACHIOPODA 
Lingula sp. 
Lingula cornea J. deC. Sowerby 
" minima J. deC. Sowerby x 
Leptaena sp. x 
Orthis (Dalmanella) sp. x 
C EPHALOPODA 





Holopella obsoleta J. deC. Sowerby x 
Platyschisma helicites J. deC. Sowerby x x x x 
Murchisonia sp . x 
PELECYPODA 
Anodontopsis bulla McCoy x 
it lutina McCoy x 
Ctenodonta obesa Salter x 
Goniophora cymbaeformis J. deC. Sowerby x 
Modiolopsis complanata J. deC. Sowerby x 
nilssoni Hisinger x x 
Mytilus mytilimeris Conrad x 
Orthonota sp. x 
" amygdalina Sowerby x 
" " var. 
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PELECYPODA (ctd.) 
1 2 3 4 5 
Orthonota amygdalina var. x 
bulla Salter x 
It impressa Sowerby x 
It rotundata Sowerby 
solenoides Sowerby x 
Pterinea pleuroptera Conrad x 
Pteronitella ( Pterinea) retroflexa (Wahlenburg) x 




Spirorbis sp. x 
lewisi J. deC. Sowerby x x 
ARACHNOIDEA 
Eurypterus sp. x 
tt (cf. Hughmilleria) lanceolatus Salter x x 
" obesus Woodward x 
" scorpoides Woodward x 
Mixopterus (Eurypterus) dolichoschelus StySrmer x 
Neolimulus falcatus Woodward x 
Erettopterus (Pterygotus) raniceps (Woodward) x 
" bilobus (Salter) x x x x 
Slimonia acuminata Salter x x x x x 
Stylonurid sp.nov. x 
Stylonurus ornatus Laurie x 
" logani Woodward x 
Palaeophonus caledonicus Hunter x 
Cyamocephalus loganensis Currie x 
CRUSTÁCEA 
Beyrichia sp. 
It kloedeni McCoy x x x 
" It var. torosa Jones x 
TRILOBITA 
Encrinurus sp. x 
ARTHROPODA: INCERTAE SEDIS / 
- 33 - 
1 2 3 4 5 
ARTHROPODA: INCERTAE SEDIS 
Ceratiocaris sp. X x X 
H laxa Woodward and Jones x x 
H longa Woodward and Jones x x 
" papilio Salter x x x 
It stygius Salter x x x 
" murchisoni ( ?) McCoy x x 
Dictyocaris sp. x x x x 
" ramsayi Salter x x x 
If slimoni Salter x 
Physiocaris sp. x 
MYRIAPODA 
Myriapod ( ?) 
Archidesmus loganensis Peach x 
OSTRACODERMI 
x x 
Thelodus scoticus Traquair x x 
planus Traquair x 
taiti Stetson x 
Lanarkia horrida Traquair x 
spinulosa Traquair x 
spinosa Traquair x 
Lasanius problematicus Traquair x 
Birkenia sp. x 
elegans Traquair x 
Ateleaspis tessellata Traquair x 
Jamoytius kerwoodi White x 
Lasanius armatus Traquair x 
? PROTO -CHORDATA 
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OTHERS 
1 2 3 4 5 
?Sponge 
Fucoid markings x x 
Worm burrows and tracks x x 
5. Correlation between the Lesmahagow and Hagshaw Hills Inliers 
x 
Following the recent work of Rolfe (196e) on the Hagshaw Hills 
area and of Mr. Ritchie and the author on Lesmahagow, the two areas have 
been correlated as shown in Fig. 6 
The Patrick Burn formation and the Ree Burn formation are very 
similar in both lithology and fauna. More detailed work needs to be 
done on the palaeontology of the two formations in order to determine their 
precise relationships but there seems little doubt that they are broadly 
equivalent to each other. The Smithy Burn siltstone of the Hagshaw Hills 
area has not been recognised in Lesmahagow. 
Field observations have shown that no lithological units com- 
parable with the Castle, Kip Burn, Blaeberry or Dunside formations are 
present in the Hagshaw Hills succession, the Ree Burn formation being 
succeeded without appreciable angular discordance by the Parishholm 
conglomerate, which is itself absent from the Lesmahagow succession. 
It is suggested as a working hypothesis that the Parishholm conglomerate 
of the Hagshaw Hills area rests paraconformably on the older rocks. 
The 
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The Glenbuck group (Rolfe, 196D) is lithologically equivalent 
to the Waterhead group of Lesmahagow. In Lesmahagow the base of this 
group is transitional into the underlying Priesthill group; in the 
Hagshaw Hills it is an unconformity as suggested above. 
The Birkenhead sandstone is absent from the Hagshaw Hills 
succession. The Fish Bed formation (Rolfe, 1960) is tentatively 
correlated with the Dippal Burn formation, both having a pale yellow 
sandstone underlying their fish beds. It is considered possible 
however, that these two formations are similar but non -contemporaneous 
lithological units. Faunally the fish bearing horizons of the two 
areas are identical. 
The Hareshaw conglomerate and the Quarry arenite correlate 
with the Dungavel group of Lesmahagow and are succeeded in both areas 
by the Greywacke Conglomerate of Peach and Horne (1899). It is 
suggested that the base of the Dungavel group is a paraconformity. 
In certain areas the Middlefield conglomerate shows gentle angular 
unconformity with the underlying Logan formation and it is thought 
probable that pre -Dungavel group erosion was largely responsible for 
the rapid variations in thickness shown by this formation. 
6. Igneous Rocks 
(a) Introduction / 
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(a) Introduction 
The igneous rocks of the Lesmahagow inlier are wholly intrusive. 
They vary widely in composition and were emplaced at several different 
times from the Lower Devonian onwards. A detailed study of the petro- 
graphy of these igneous rocks was beyond the scope of this work but there 
follows a brief description of their general petrographic character and 
of their age relationships as far as they can be determined. 
(b) Form of intrusion and field relations 
In the part of the Lesmahagow inlier described in this thesis 
most of the igneous intrusions are either dykes or sills. Two volcanic 
vents pierce the sediments, one at the summit of Middlefield Law and the 
other to the east of Wetherhill Cairn. 
The dykes have many different thicknesses and trends. Compo- 
sitions vary from basic types with olivine to acid types with varying 
amounts of free quartz. With the exception of a set of north westerly - 
trending dolerites, the dykes of this area are often at an advanced stage 
of alteration. Age relationships are particularly difficult to determine 
among the altered groups of dykes as they are very rarely exposed cutting 
each other. The acid "porphyrite" dykes are not only altered but also 
very variable in texture and to a lesser extent in mineralogy. For the 
purposes of this work these dykes have been mapped as "porphyrite" 
irrespective 
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irrespective of their detailed petrography. 
The largest sills of the area are a group of acid "porphyrites" 
which may have either concordant or strongly discordant contacts with the 
sediments. Chilled margins and slight baking are observed at these con- 
tacts. The "porphyrite" sills vary in thickness from a few feet to 
several hundred feet and are concentrated along the south eastern margin 
of the area. 
A few basic sills up to two feet in thickness have also been 
observed intruded into the rocks near the south eastern margin of the 
inlier. 
(c) Dykes and sills of Proto- Armorican age (Fig. 7) 
(1) Altered basic types. (Plate 2 ). The rocks of this group 
are all highly altered, some of them being almost white trap. The 
remnants of basaltic and doleritic textures are frequently observed and 
some of the specimens contain pseudomorphs after olivine. Calcite is the 
most common mineral and is accompanied by secondary quartz, chlorite and 
iron ore. The altered vesicular sills in the Patrick Burn formation were 
originally basalts. Many of the other rocks occurring as dykes were 
either olivine or quartz dolerites. 
(2) "Porphyrites ". 
a. Porphyritic types. (Plate 3 ). These rocks are most 
commonly 
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commonly pink in hand specimen; they form the major sills of the region 
and, to a lesser extent, some of the dykes. They are invariably more 
or less altered. They contain euhedral phenocrysts of albite and zoned 
plagioclase together with some potash felspar and pseudomorphs after 
amphibole and biotite set in a groundmass which may be granular and 
quartzo- felspathic or may be made up of irregularly arranged laths of 
albite or oligoclase. Quartz phenocrysts are also present and these 
have been rounded by alteration. Iron ore is ubiquitous. These rocks 
form a continuous series with the non- porphyritic varieties. 
b. Non -porphyritic types. (Plate 4 ). These rocks occur 
mainly as dykes and, while they differ texturally and to some extent 
mineralogically from the porphyritic types, many are intermediate between 
the two extremes. Mineralogically they consist almost entirely of flow - 
oriented oligoclase laths together with a little free quartz and abundant 
iron ore. Very occasionally isolated plagioclase phenocrysts (albite or 
oligoclase) are found in such a groundmass. Ferro -magnesian minerals are 
usually absent but sometimes a little altered amphibole is present in the 
groundmass. 
The above rocks are dated as Proto- Armorican because they are 
confined to pre -Upper Devonian sediments. Limited field evidence suggests 
that the highly altered basic dykes and sills antedate the "porphyrites ". 
(d) Dykes of possible Permo- Carboniferous age 
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(d) Dykes of possible Permo -Carboniferous age (Plate 5 ) 
There are a few relatively fresh quartz dolerites which have 
an east -west trend and which average about four feet in thickness. These 
dykes are notable because, apart from their principal minerals - zoned 
augite (as phenocrysts), stocky labradorite laths, abundant iron ore and 
a little free quartz - theycontain chlorophaeite together with a little 
brown biotite. These dykes are related in both lithology and trend with 
the Permo -Carboniferous quartz dolerites of other parts of the Midland 
Valley. 
(e) Volcanic Vents 
The two volcanic vents of the area are very poorly exposed. 
One specimen, coming probably from the basaltic plug of the Middlefield 
Law vent mapped by the Geological Survey (Scotland, Sheet 23) consists of 
a very fine- grained basalt with spheroidal clots of olivine up to half 
an inch across. The age of these two vents is uncertain but they may be 
related to the Permian vents found elsewhere in the Midland Valley. 
(f) Dykes of Tertiary age (Plate b ) 
Massive, spheroidally weathering, grey dolerite dykes having 
a general north westerly trend (Fig. 8 ) and varying in thickness from one 
foot 
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foot to 100 feet are conspicuous. They cut across all other structures. 
Their principal minerals are subhedral labradorite laths, sub -ophitic 
augite (sometimes accompanied by a little hypersthene), ilmenite, and 
occasionally a little free quartz. Glassy patches having a sub- vario- 
litic texture are common. Small spheroidal cavities infilled with 
calcite and zeolites are sometimes present. 
In addition to the tholeiitic dolerites described above there 
are some olivine dolerites in this suite. In the olivine dolerites the 
labradorite laths are less spindle -like. 
(g) Alteration 
(1) Proto- Armorican igneous rocks. The basic rocks of this group 
have been extensively altered. Calcite is abundant as is secondary 
quartz. Secondary chlorite and iron ore are conspicuous. The original 
pyroxene has been replaced by closely packed fibres of amphibole (uralite) 
and original olivine by serpentinous aggregates. In some cases the 
original igneous texture has been almost obliterated. 
The "porphyrites" also show alteration but not to the extent of 
the basic rocks. The amphibole and biotite phenocrysts have been altered 
to chlorite with secondary development of euhedral apatite and abundant 
iron ore. The felspars are invariable clouded and sericitised. The 
quartz / 
quartz phenocrysts have also been attacked and are now sub -spheroidal. 
Secondary calcite is also present. 
(2) ( ?)Permo- Carboniferous and Tertiary igneous rocks. These rocks 
are relatively fresh and contain only small amounts of secondary minerals. 
The olivine- bearing varieties contain iddingsite /bowlingite -type minerals 
as alteration products and a certain amount of secondary chlorite is 
ubiquitous. 
(h) Mineral Veins 
Mineral veins having a dominantly north westerly trend cut the 
rocks (Fig. 9 ). The principal minerals of these veins are barytes and 
calcite and the veins vary in thickness from a fraction of an inch to 
12 feet. The veins infili joints and small faults. Barytes is accom- 
panied in many of the thicker veins by small amounts of haematite, and 
sometimes by galena, calcite, quartz and a little chalcopyrite. A little 
malachite of probable secondary origin was found in one vein. In the 
past some of these veins have been worked for galena. 
The mineral veins postdate the "porphyrite° dykes and sills and 
have not been found cutting rocks younger than Lower Old Red Sandstone in 
the Lesmahagow area. There are, however, a limited number of similar 
veins in northern Ayrshire having the same general trend and mineralogy. 
These veins cut rocks of Calciferous Sandstone age (Richey et al., 1930). 
It seems probable therefore that the period of mineralisation was Borco- 





The Lesmahagow inner is a complexly faulted open asymmetric 
pericline bounded on two sides by the north -easterly continuations of two 
important faults - the Inchgotrick and Kerse Loch faults (Fig. IO ). 
The pericline was formed in late Lower Devonian times and since 
then has been much modified by faulting, especially in the region of its 
south eastern boundary. The boundary faults have had a long and 
involved history of movement and have influenced the pattern of sedi- 
mentation and the style of structural deformation taking place in the 
region throughout much of its Palaeozoic history (Richey 1937, Goodlet 
1957, George 1960). 
Over much of the area exposures are poor and the structure 
in detail complex; consequently the structural data available is both 
limited in amount and sometimes indeterminate. 
2. Folding 
The succession of the Lesmahagow inner records an almost 
unbroken sequence from the Silurian into the Lower Devonian. The area 
was not folded and faulted in late Silurian times in common with the 
Southern 
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Southern Uplands and the Girvan area and remained virtually unfolded 
until late in Lower Devonian times. 
Rocks of Upper Devonian age may rest with angular unconformity 
on any of the older formations and are themselves succeeded conformably 
by Carboniferous sediments. The Carboniferous rocks are gently folded 
and complexly faulted. 
The periclinal fold of the inner was formed in late Lower 
Devonian times. The fold style is open and concentric. The dips 
are low, being usually between 10 and 30 °. The pericline is asymmetric; 
near its south eastern margin dips between 50 and 60° are sometimes 
observed for which the Kerse Loch fault may be partly responsible. The 
orientation of the axial plane of the structure in various parts of the 
inner as determined from ß diagrams is shown in Fig. II . The fold 
axis trends 025° N and plunges at about 15° in that direction over most 
of the inner. The axial plane of the fold is almost vertical. In 
the Ponesk Burn, near the south eastern margin of the area, the crest 
of the pericline is seen and from that point south westwards the fold 
plunges / 
In this thesis azimuths are quoted in true bearings, 000 -360 °. 
plunges to the south west. A 
r 
diagram has been compiled for the 
western part of the inner from the data published on Sheet 23, Geol. 
Surv., Scotland. It shows that the fold there plunges almost due west 
at about 15 °. 
The fold axis of the inner meets the Kerse Loch fault in 
the region of the Greenock Water and slowly diverges from the fault as 
it is traced north eastwards. The Kerse Loch fault and the related 
fractures to the south east probably existed prior to the late Lower 
Devonian deformation of the area and there is therefore every reason to 
suppose that they will have had some effect on the resultant folds in 
both their style and axial trends. The divergence of the fold axis 
from the line of the Kerse Loch fault (about 15 °) suggests that there 
may have been a dextral strike -slip movement on the fault during the 
late Lower Devonian period of folding. Such a suggestion is raised on 
the basis of the work of Moody and Hill (1956) where the effects of 
important faults on the style and orientation of folds is discussed. 
It would appear quite possible from these relationships that the peri- 
cline originated in response to "second order" stresses generated owing 
to the prior existence of a major fault zone. 
A second period of compression occurred late in Carboniferous 
times when the Carboniferous sediments were either tilted or gently 
folded / 
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folded. No folds representative of this period have been recognised 
in the Silurian rocks. 
3. Faulting 
(a) Introduction 
Following Anderson's pioneer work (1951), many investigations 
have been made into the nature and origin of faults. Among these works 
those of Hafner (1951), Hubbert (1951), McKinstry (1953), Moody and Hill 
(1953) and Williams (1958, 1959) are especially notable. 
Thrust, wrench, and normal faults have been recognised and 
there is evidence which suggests that there have been several periods of 
faulting with the possibility of fault reactivation. 
(b) Major faults 
(1) Kerse Loch fault 
The Kerse Loch fault trends at 0500 and is traceable over a 
distance of about 45 miles from southern Ayrshire into the Ayrshire/ 
Lanarkshire borderland where it bounds the Lesmahagow inlier on its 
south eastern side. The fault is not a simple dislocation but one of 
a system of interrelated sub -parallel fractures including the Carmichael, 
Pentland / 
- 46 - 
Pentland, and Southern Upland faults. 
The field evidence which is available on the nature of the 
Kerse Loch fault within the present area is as follows: the fault is 
exposed in the Ponesk Burn, in the upper reaches of the Pockmuir Burn, 
and in the River Nethan below Eaglinside. In the Ponesk Burn the 
position of the fault can be fixed to a few feet; the fault plane is 
almost vertical and coarse sandstones of Upper Devonian age are faulted 
against a "porphyrite" intrusion. In the upper reaches of the Pockmuir 
Burn the fault is represented by a smash zone up to 30 feet in width; 
the smash zone here appears to be almost vertical or dipping steeply 
south eastwards. Quartzose conglomeratic grits of the Middlefield 
conglomerate are faulted against rocks low down in the Priesthill group. 
The section of the fault exposed in the Pockmuir Burn is shown by 
Macgregor and MacGregor (1948) to be a reverse fault overriding towards 
the south east. There is a stratigraphic difference of about 3500 feet 
between the rocks on either side of the fault zone exposed in the 
Pockmuir Burn, those on the south east side being the younger. 
An unexposed branch of the fault exposed in the Pockmuir Burn 
follows the valley of the River Nethan below Eaglinside. This fault 
displaces the Greywacke conglomerate with a resultant down -throw of about 
1800 / 
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1800 feet to the south east, and continues north eastwards to bound the 
Douglas Coalfield on its north western side. 
At a point 150 yards downstream from the confluence of the 
River Nethan and the Eaglin Burn a zone of intense contortion is 
exposed affecting rocks of the Patrick Burn formation (Plate 7 ). The 
contorted zone has rocks of the Dungavel group on either side of it, those 
on the downstream side being the older. The fault contacts between this 
contorted zone and the Dungavel group rocks are not exposed. This 
reversal and reduction in throw can be best explained by reactivation of 
this part of the main fault during the formation of the Kype- Nethan 
fault (Maps 1 and 2) which downthrows east and cuts off the exposure of 
the Priesthill group at its north eastern end. 
In addition to the faults which actually bound the Silurian 
rocks of the inlier, there are several others which occur within the 
inlier and which are related to the Kerse Loch fault. Several of these 
faults have been traced south westwards from Birkenhead Burn, through the 
Eaglin Burn into the upper reaches of the River Nethan. Similar faults, 
sub -parallel to the boundary fracture have been mapped in the headwaters 
of the Ponesk Burn. Some of these falmlts displace the Kype- Nethan 
fault mentioned above and are thought to have had at least one period 
of / 
of wrench movement, with dextral strike -slip. These faults demonstrate 
that the Kerse Loch fault is not a single fault but a fault plexus. 
The observed differences in direction and amount of throw on the boundary 
fault at various places suggests that either different faults within the 
fault zone were active at different periods or that the movement has 
been dominantly strike -slip. 
Both the Devonian and Carboniferous sediments of the regions 
adjacent to the Lesmahagow inlier show thickness variations when traced 
across the Kerse Loch fault zone (Goodlet 1957, George 1960). 
When the successions of the Lesmahagow and Hagshaw Hills inliers 
are compared it is apparent that the sediments of the former area record 
a gradual upward transition from the marine rocks of the Priesthill group 
into the fluviatile and deltaic sediments of the Waterhead group; while 
in the latter area marine rocks are overlain paraconformably by fluviatile 
and deltaic deposits. This difference may be due to activity on the 
Kerse Loch fault, the sense of the movement being similar to that pro- 
posed by George (1960) for the fault during the Lower Devonian. 
The Kerse Loch fault was present as a well -defined fracture 
prior to the late Lower Devonian folding of the area. During this late 
Lower Devonian folding the fault and related fractures influenced the 
style of deformation which took place in the intervening areas. A 
comparison 
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comparison of the orientation of the fold axis of the inlier and the 
Kerse Loch fault suggests a possible element of dextral strike -slip on 
the fault during the folding (c.f. Moody and Hill, 1956). There is the 
added possibility that reverse movement took place on part of the fault 
at a late stage in the folding of the area. 
The Kerse Loch fault was active throughout much of the 
Carboniferous and during this time it behaved as a normal fault throwing 
down to the south east. There is some evidence which suggests that 
renewed dextral strike -slip movements took place on some of the faults 
in the fault zone in late Carboniferous times. 
Finally, many of the "porphyrite" sills of the area are found 
along its south eastern boundary in the region of the Kerse Loch fault 
zone. It is possible that the crushed and faulted rocks hereabouts aided 
the intrusion of the igneous material. 
(2) Inchgotrick fault 
The Inchgotrick fault bounds the Lesmahagow inlier on its north 
western side where the pre -Devonian rocks of the inlier are faulted against 
volcanics of Calciferous Sandstone age. The fault is not exposed in the 
part of the Lesmahagow inlier described in this thesis. In the Lochar 
Water below Kirkwood House (689401) basic volcanics are exposed a few 
yards from brecciated sandstones and muddtones of the Logan formation, but 
the 
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the contact is not exposed. Exposures are poor along the northern edge 
of the inlier generally and very little can be said of the nature of the 
Inchgotrick fault from the evidence available in the Lesmahagow area. 
The fault and its branches are well known to the south west in 
the Ayrshire Coalfield and the Carboniferous sediments of that region show 
marked increases in thickness as they are traced northwards across the 
fault zone (Richey 1935, 1937, Macgregor and Manson, 1935). It has also 
been suggested (Richey, 1935) from evidence afforded by the basal 
Calciferous Sandstone lavas, that the Inchgotrick fault formed a north- 
facing fault scarp during their extrusion. 
The Inchgotrick fault is clearly a member of the same fault 
system as the Kerse Loch fault and could well have had an equally 
important pre- Carboniferous history. 
(3) Other major faults 
Several major fractures have been mapped within the inlier: 
Kype- Nethan-, Kip Burn -, Leaze Burn -, and Greenock Water faults (see 
Maps 1 and 2). Very little is known about these faults other than their 
trend and that they are highly inclined. The Kype- Nethan fault is 
thought to be a normal fault; the Kip Burn and Greenock Water faults 
are thought to be wrench faults, and the zone of contortion exposed near 
the 
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the head of the Leaze Burn is thought to have originated due to reverse 
faulting. 
(c) Minor faults 
(1) Thrust faults 
Thrust faults are a very minor tectonic feature of the 
Lesmahagow inlier. Thirty two such faults have been recognised having 
an average inclination of about 20 °. A few of these faults bear 
slickensides which suggest that, in the more gently inclined fractures, 
the movement may have been oblique to their present dip. The thrust 
faults observed are not considered to be of any great magnitude. Some 
have a clay gouge (Plate 8 ), are sub -parallel to the bedding, and may 
have movements up to a few tens of feet. Most have moved only a few 
feet. The modal strike of the thrust planes is sub -parallel to the 
fold axis of the inlier (Fig.I2 ) and the faults thrust either to the 
north west or south east. Most of the thrusts occur near the south 
eastern boundary of the inlier in the upper reaches of the Ponesk Burn. 
These faults were probably developed either soon after or during the late 
Lower Devonian folding of the area. 
A few highly inclined fault planes have been observed having 
a reverse displacement. These faults have throws of only a foot or so 
and often contort the country rocks into a small monoclinal fold. 
ay 
`. 
(2) Wrench faults 
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(2) Wrench faults 
Slickensides show that many small faults in the Lesmahagow 
inlier have had a strike -slip component to their movements. While it 
was realised that there are many limitations and potentially false 
assumptions inherent in the technique, the stereographic method of 
Williams (1958, 1959) was used to estimate the nature and sense of the 
movement which had taken place on these slickensided fault planes. 
By this method the faults have been classified into wrench/ 
normal and wrench /reverse hybrids dependant on the inclination of the 
fault plane and the pitch of the slickensides in it. The probable sense 
of the movement which took place on the fault has also been determined. 
Of the 82 slickensided faults examined 30 had sinistral sense and 30 
dextral. Most of the results obtained by this technique agreed with the 
field evidence where this was available. 
The distribution of the strikes of faults with a sinistral 
component is shown in Fig. 13 and has modes at 040 -050 °, and 330 -340 °. 
That of the dextrals is shown in Fig. 13 and has modes at 030 -040 °, 080 °, 
280 -290 0, 310 °, and 350 -360 °. 
In addition to the slickensided fault planes there were some 
115 small faults without slickensides which were identified in the field 
as wrench faults. The field evidence suggested that of these 44 had a 
sinistral / 
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sinistral and 71 a dextral component. The distribution of the strikes 
of the sinistrals in this group is shown in Fig. and has modes at 
000 -010 °, and 040 -050 °. Many of the sinistrals fall between 280 and 
360° without a strong mode. The distribution of the strikes of dextrals 
in this group is shown in Fig.I4 and has modes at 030 -040 °, 080 °, 310 °, 
and 350 °. 
The modal strikes of both sinistral and dextral faults determined 
either by Williams' method or in the field are more or less identical. 
The two groups have been lumped together and the modal strikes of both 
sinistrals and dextrals are shown in Fig.I5 . 
A comparison between these results and those of Moody and Hill 
(1956) suggests that the wrench faults may have originated more or less 
together with the principal stress oriented 335/155° ( á observed 15 °; 
ßassumed 
30 °), first, second, and third order wrench faults being 
represented as shown in Fig. 16 . This conclusion must remain tentative 
owing to the limited data available. 
Of the slickensided fractures examined only 24 have pitches 
between 25 and 65 °. If these faults are true oblique -slip faults then 
such fractures are not common in the area. It is very probable that 
regional tilting after their formation could account for the present 
orientation / 
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orientation of the slickensides. Alternatively the few oblique -slip 
faults observed could well have developed in response to very local 
stress conditions. 
Within the period of wrench faulting, which is thought to be 
late Lower Devonian in age, the principal stress may well have varied 
slightly both regionally and in response to inhomogeneous lithology and 
also through time, thus giving rise to a fairly wide distribution of 
fault azimuths. 
Some of the spread of the wrench fault azimuths may be due to 
a second period of wrench faulting. Field evidence in the Hagshaw Hills 
inlier suggests that a set of north- south -trending faults of late 
Carboniferous age had wrench/normal displacements. There is also 
evidence of dextral strike -slip movements having taken place along some 
of the faults associated with the Kerse Loch fault zone in late 
Carboniferous times. 
(3) Normal faults 
Ninety two faults were identified as having had normal 
displacement. Of these only 7 had slickensides. The distribution of 
normal fault strikes is shown in Fig.I7 and shows modes lying between 
010 -020 °, 030 -040 °, 050 -060° 320 -330 °, and 350 -360 °. Those modes lying 
between 030 -040° and 050 -060° are sub -parallel to the boundary faults 
of / 
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of the area which are thought to have been active as normal faults 
throughout much of the Carboniferous. Faults of this orientation are 
uncommon in both the Muirkirk and Douglas coal basins and their age 
could be anything from late Lower Devonian onward but most probably they 
developed during the Carboniferous in association with the normal 
movements on the boundary faults. 
Fault directions related to the modes between 320 -330° and 
010 -020° can be recognised in the coal basins. The azimuths of these 
modes suggests changes in the orientation of the intermediate principal 
stress but the time relations of these changes are unknown. 
It is possible that some normal faulting followed the late 
Lower Devonian wrench faulting of the area, but there is no doubt that 
the most important normal faults of the area developed during and late 
in Carboniferous times. Some late Carboniferous normal faults have the 
same trend as some of the late Lower Devonian wrenches and they may 
represent normal reactivation of the original wrench fractures. 
4. Structural History 
(a) Pre -Lower Devonian tectonic activity 
The extensive tectonic activity which took place in other 
parts 
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parts of the Midland Valley in late Silurian times did not affect the 
Lesmahagow inlier to any marked degree. These earth movements are 
represented in the conglomeratic deposits which occur at two horizons in 
the Lesmahagow succession and at three in the Hagshaw Hills succession. 
Angular unconformity is rarely observed at the base of these conglo- 
meratic deposits but there is some evidence which indicates that their 
basal contacts are paraconformable. 
The Kerse Loch fault may have been active as early as late 
Valentian times and may have been responsible for the differences between 
the successions of the adjacent inliers of Lesmahagow and the Hagshaw 
Hills. The Kerse Loch fault and related fractures seem to have more or 
less controlled sedimentation during Lower Devonian times. 
(b) Late Lower Devonian tectonic activity 
The main folding of the area took place in late Lower Devonian 
times. The form of the fold may have been determined by the boundary 
fractures which were already in existence. The Kerse Loch fault had an 
important strike -slip movement at this time. The maximum principal 
stress was oriented between 335/155° and 360/180° during this period of 
deformation. The fold phase was followed by thrust and wrench faulting 
with a principal stress varying between 340/160° and 020/200 °. It is 
possible / 
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possible that normal faulting occurred towards the end of the late 
Lower Devonian deformation. 
Extensive erosion preceeded the deposition of the Upper 
Devonian sediments. 
(c) Lower Carboniferous tectonic activity 
Activity continued on both the Inchgotrick and Kerse Loch 
faults during much of the Carboniferous, and affected the pattern of 
sedimentation in the Ayrshire Coalfield. This movement on the Kerse 
Loch fault was in the opposite sense to that which had taken place prior 
to the late Lower Devonian folding of the region. 
(d) Late Carboniferous tectonic activity 
This period of tectonic activity is represented by many faults 
which are largely normal in throw. There is evidence that a group of 
faults of this age which trend north -south had a normal /wrench dis- 
placement with a sinistral strike -slip. There is also evidence which 
suggests that there was renewed strike -slip movements on the Kerse Loch 
fault having a dextral sense during this period. The initial late 
Carboniferous principal stress was oriented just east of north. 
P ART 2 
ENVIRONMENTAL ANALYS IS 
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A. SEDIMENTARY STRUCTURES 
1. Introduction 
Sedimentary structures of many different types have been 
observed in the rocks of the Lesmahagow inlier. Most of these structures 
are already well known and will not be described in detail in this thesis. 
The principal objects of this study were to determine the directions of 
transport of the rocks of the inlier and to learn something of their 
depositional environment from the types and orientations of sedimentary 
structure present. 
The sedimentary structures occur in two main associations, each 
characteristic of a particular depositional environment. The one 
association is found in the rocks of the Patrick Burn formation and the 
structures are those which are commonly interpreted as recording turbidity 
current transport and deposition. The other association is found in the 
rocks of the upper part of the Priesthill group and in the succeeding 
Waterhead and Dungavel groups. It is interpreted as being a shallow 
water association characteristic of fluviatile and deltaic deposition. 
The original orientation of the directional current structures 
has been determined by rotating the bedding back to the horizontal at 
each locality where they have been observed. The plunge of the major 
fold / 
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fold has been ignored as it is low. 
2. Description of the Structures 
(a) The Sedimentary Structures of the Patrick Burn formation 
(1) The greywackes: Graded bedding (Kuenen, 1953, Ksiaskiewicz, 
1952, Walton, 1956) is almost ubiquitous in the greywackes of this 
formation. It is rarely perfect (Plate 9) and most commonly the 
greywacke bed is made up of several incomplete graded units (Plate 10): 
the grading is both multiple and interrupted. Delayed grading (Walton, 
1956) is rare and the lowest parts of any individual bed usually contain 
the coarsest particles, though this layer may be very thin. Sometimes 
in multiple -graded units, a very thin layer of shale separates the 
various individually graded portions. Inverted grading has not been 
observed. 
Laminated bedding is very common in the upper parts of graded 
greywackes, and some of them are laminated throughout. The laminae are 
conspicuous not because of grain size variations but because of the 
periodic occurrence of dark organic material. The upper parts of grey - 
wacke beds are often finely cross -laminated and convoluted (Plate 11). 
The more massive greywackes channel into the shales beneath 
them 
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them and many slivers of shale have been incorporated into the greywackes 
by this means. The bases of the greywackes may be most irregular due 
to channelling while their tops are usually quite regular. Minor 
channels may also occur between the components of a multiple- graded 
greywacke. Small scale scour - and -fill structures are also present in 
the upper, laminated portions of the greywackes (Fig.I8 ). 
Slumping, associated with differential loading, is of fairly 
frequent occurrence in the greywackes (Fig.19 ). Almost perfect iso- 
clinal folds occur in some of these slumped beds (Plate 12 ). 
Measurements of slope directions as indicated by the axial directions of 
folds within slumped beds yields very variable results which do not seem 
to be related to the local current direction. Many of the slump 
structures indicate a north easterly origin. These structures are 
interpreted as recording gravity sliding of partially consolidated material. 
The style of deformation within the slumped beds is plastic. 
Ripple marks of various types are frequently found on the 
surfaces of the greywackes. The most commonly occurring upper surface 
ripple mark is a transverse asymmetric type with rounded sub- parallel 
crests (Plate 13 , Fig. 20 ). The crests of these ripples may be 
either straight or sinuous; in some examples the ripple crests bifurcate 
frequently 
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frequently. Characteristic transverse ripple profiles from this 
formation are shown in Fig.20 . A few examples of oscillation ripple 
marks have also been observed and their characteristic profile is also 
shown in Fig.2 0 . Interference ripple marks (Kelling, 1958) have been 
observed at a few localities but are not common. 
A variety of structures are present on the lower surfaces of 
the greywackes. Many are in fact upper surface structures which were 
present on the surface of the underlying shale prior to the deposition 
of the greywacke. Many of these structures have been modified by 
differential loading. 
Longitudinal- ripple -marks are commonly observed on the under 
surfaces of the greywackes as longitudinal- ripple -load- casts. This 
structure occurs in two forms (Plates 14 & IS ). The larger form has 
well developed cuspate "cross bars ", a crestal separation of up to 1.5 ", 
and most commonly occurs on the base of a greywacke as a load -cast. 
The smaller form, with a crestal separation of only 4 or 1B71 and rather 
poorly developed "cross bars" occurs in the silty stringers in the shales. 
Similar structures were described by Kelling (1955). 
Load casts of various types are common (Fig.2I ). Very often 
these structures take the form of irregular patches of lobes without any 
apparent 
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apparent lineation. Some load casts have a distinct current lineation 
and are pear -drop- shaped. 
Prod -, skip -, and bounce -casts which have probably been caused 
by material impinging on the bottom during transport are fairly commonly 
observed on the lower surfaces of the greywackes. The majority of these 
structures are elongate narrow and almost symmetrical indentations into 
the shale beneath a greywacke. They often have longitudinal striations 
and sometimes vague transverse crinkles. Their shapes and sizes are very 
variable (Fig.2 2 ) and they reach a maximum length of three inches and 
maximum depth of half an inch. Sometimes they have cork -screw -like 
"tails" which suggest that whatever caused them was rotating. Some 
rather rare asymmetric types give an indication of the direction of 
transport, the majority only indicating the trend and not the direction 
of the current. (Plate 15). 
Groove -casts are present but are not common. Characteristic 
profiles of the groove -casts which have been observed are shown in Fig 
They vary from tiny grooves 2.5" long and 2' deep to larger forms of 
unknown length, 1.5" wide and 8" deep which often have fluted margins. 
The groove -casts may have a smooth cross section and no longitudinal 
striations. Many of the grooves have been modified by loading and some 
are almost separated from their parent greywacke for this reason. (Fig.23). 
Sometimes groove -casts of more than one orientation occur on the same 
surface / 
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surface. In such circumstances one set of grooves is usually more 
strongly developed than the other and the two sets intersect at an angle 
between 15 and 30 °. 
Very rarely structures have been found which are now grooves 
on the under surfaces of greywackes (Fig. 23 ). These structures are 
quite isolated and up to 1" wide and 8-" deep. They are oriented in the 
current -direction. Their origin is obscure. 
Flute -casts are present but not common in these rocks. 
Typically they are about 2.5" long, á" deep at their deepest, and fan 
shaped in plan. 
Structures have been observed which are transitional in form 
between groove -casts and flute -casts. 
(2) The "shales ": The "shales" of the Patrick Burn formation are 
of very characteristic lithology, thin beds of finely laminated dark 
siltstone rich in organic debris alternating with bands of non -laminated 
olive mudstone. Each of these two components can vary from B" to two 
or three inches in thickness and the ratio between them can vary very 
rapidly vertically. The dark silty zones show little grain -size 
variation across their laminae. The laminae are caused by the alterna- 
ting occurrence and absence of organic debris. On the average the 
silty 
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silty bands have about 60 laminae per inch. The mudstone zones in 
contrast are of uniform lithology and contain no organic debris. 
Slump structures occur and one such bed is exposed at Locality 
U 57 (722309) where approximately l8 of beds are affected and have been 
folded into small recumbent folds and isoclines. The upper and lower 
boundaries of the slumped material are almost planar. Slope directions 
as determined from fold trends within these slumped beds indicate a north 
easterly origin for most of them, a direction almost directly opposed to 
one of the principal current directions. 
"Cabbage leaf" structures (Plate 17 ) are sometimes observed in 
these "shales ". These structures usually lack any conspicuous lineation 
and are interpreted as the effects of differential loading of an originally 
uneven surface. 
Small flute -casts (Plate 18 ), each one only a few mm. across 
are grouped together in small clusters on certain bedding planes in the 
"shales". 
Small longitudinal- ripple marks (Plate IS ) are also a conspi- 
cuous surface structure in the "shales ". Frequently these small ripple 
marks - up to 8" between crests - have been loaded and are preserved on 
the under surfaces of thin siltstone stringers as micro- longitudinal -ripple- 
load 
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load -casts. 
(b) The Sedimentary Structures of the upper part of the Priesthill group, 
the Waterhead group, and the Dungavel group 
(1) Fine -grained sandstones: Some form of cross -bedding or cross - 
lamination is present in almost every sandstone of this part of the 
succession. The fine grained sandstones of the Waterhead group are 
usually micro -cross -laminated for part or all of their thickness. The 
cross -lamination is of very small scale, each component unit is lenticular 
in section, up to six inches long, 1.5 inches in thickness, and the 
laminae within it are concave (Plate 19 , Fig. 24 ). Some of this micro - 
cross- lamination probably originated owing to the migration of asymmetric 
ripple marks (c.f. McKee, 1938) or alternatively may represent the 
deposition of fine sandstone in ramifying networks of small streams (in 
very shallow water or sub -aerial conditions). 
In the olive green sandstones of the Dipped Burn and Slot Burn 
formations micro -cross -lamination of the type described above may make 
up the whole bed. In the fine - grained sandstones of the Leaze, Monument 
and Logan formations micro- cross -lamination is equally common but usually 
makes up only part of the bed. Very often both the lower and upper parts 
are laminated. The laminae may consist of thin alternating layers of 
relatively coarse and fine material and /or alternating layers of different 
colour 
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colour. Many sandstones in the Leaze formation are laminated throughout 
and have a striped appearance because the laminae consist of alternating 
thin layers of turgite- coated and clean grains. 
Very often the fine laminae of these sandstones have been 
disturbed by convolution (Plate 2 ) ) or by more brittle fracture (Fig. 2 5 ). 
The zone of disturbance in the latter specimen does not have very great 
lateral extent, being absent on the opposite side of the specimen 2.5" 
away. The escape of air trapped in the partially consolidated sandstone 
may have been responsible for the disturbance and the structure may be 
allied to the air -heave structures described by Rolfe (1960). Alterna- 
tively unusually strong vortices may possibly be able to break up a 
partially consolidated bed in this manner. 
Slump structures are also present in many of the fine -grained 
sandstones of the Waterhead group (Plate 21 ). Slumps have been 
observed in the sandstones at the top of both the Dippal Burn and Slot 
Burn formations, and are also frequently seen in the Logan formation 
immediately below the contact with the Middlefield conglomerate. 
Intrastratal movement of mobile, partially consolidated material 
can often be demonstrated in apparently homogeneous sandstone bed by means 
of very thin laminae of mudstone. When the bed has been broken complex 
intrastratal 
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intrastratal lobing caused by convolution and /or differential loading can 
be seen. 
Small intraformational unconformities are present within the 
"red -bed" formations of the Waterhead group and often the more massive 
sandstones have cut into the beds beneath. 
Ripple -marks are the most abundant surface structure of these 
rocks. The ripple -marks have highly variable trend and several different 
types have been recognised. They have been classified as follows: 
a) Straight crests, rounded profiles. 
Asymmetric types 
b) Sinuous crests, rounded profiles. 
a) Straight crests, angular or rounded 
profiles, wavelengths 1 - 2 ". 
Symmetric types b) Straight to sinuous crests, open rounded 
profiles, wavelengths 3" or more. 
c) "Micro " - straight crests, rounded profiles 
wavelengths g' or less. 
The characteristic profiles of these ripple -marks are shown in 
Fig. 2 6 . together with their typical ripple indeces. 
Occasionally interference -ripple -marks are present (for example 
at Locality A 23). The interpretation of some of the symmetrical ripples 
to the current which caused them is sometimes difficult. Most of them 
are thought to be transverse ripples, those with symmetrical profiles 
being 
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being oscillation ripples and those with asymmetric profiles being current 
ripples. It is possible that some of the very small symmetrical types 
may be longitudinal- ripple- marks. The various types of ripple -mark 
found in these rocks are shown on Plates 22 & 23. 
Rib -and- furrow structures (Pettijohn, 1957) are common in the 
rocks of the Waterhead group. It can be demonstrated that this structure 
is seen owing to present day erosion of a ripple -laminated sandstone. 
Mudcracks are conspicuous on many bedding planes in the Leaze, 
Monument, and Logan formations. They have never been observed in the 
olive coloured rocks of either the Dippal Burn or the Slot Burn formations. 
Sometimes curled mudcracks have been covered by fine sand and have been 
moulded thereby on the lower surface of a sandstone and are seen now as 
polygonal lobes. 
On one occasion mudcracks and ripple marks have been found 
associated together (Plate 24 ). 
Lower surface structures are almost absent from these rocks. 
Occasionally load casts and sometimes small groove casts are present. 
(2) Shales and mudstones: The essential differences between the fine 
grained beds of "red" and olive colour found in this part of the 
succession / 
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succession can be seen in Plates 25 & 26 . The red brown coloured 
mudstones and silty mudstones which alternate with the sandstones of the 
Leaze, Monument and Logan formations are characterised by being irregular 
mixtures of different grain sizes. These mudstones readily crumble 
and only on rare occasions can their sedimentary structures be observed. 
In these cases it can be seen that these mudstones are very irregularly 
laminated, and often convoluted. Thin irrpersistent stringers and lenses 
of micro -cross -laminated sand sized particles occur within them and small 
scale scour and fill structures are common. 
The shales of the Dippal Burn and Slot Burn formations are 
olive green in colour and are much better sorted than the fine -grained 
rocks of the "red beds ". On polished surfaces fine laminations and 
irregular lenticles of micro -cross -laminated silt can be observed in the 
siltier parts of these shales (Plate 27 ). 
The fish beds of the Dippal Burn and Slot Burn formations have 
a highly characteristic lamination. The lamination is similar in overall 
appearance to that of the shales of the Patrick Burn formation. Zones of 
laminated organic rich siltstone alternate with zones of non -laminated 
mudstone. The lower contact between the siltstone and mudstone zones may 
be one of slight erosion. The proportion of non -laminated mudstone in 
the / 
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the bed varies from place to place as does the fineness of the lamination 
in the siltstone zones, the latter varying from about 25 laminae per inch 
to about twice that number. The siltstone zones consist of alternating 
laminae of muddy siltstone or very fine sandstone and organic rich mud. 
The mud may be impersistent laterally and frequently only occurs as 
pellets. 
(3) Medium and coarse grained sandstones and conglomerates: The 
medium and coarse grained sandstones of this part of the succession are 
almost invariably cross -laminated. Two main types of cross -lamination 
have been observed and will be termed trough and planar respectively 
following the classification proposed by McKee and Weir (1953). The 
characteristic form of the two types is illustrated in Fig.27 and 
Plates 28, 29, & 30. 
The trough type of cross -lamination consists of many inter- 
fering sets of cross -laminae, the lower surface of each set being a plane 
of erosion. Each set of laminae is semi -ellipsoidal in shape and each 
lamina concave. The individual laminae vary in thickness from 4" in 
finer grained sandstones to about 2" in the coarser ones. The length 




In the planar type the cross -laminated units vary from being 
tabular to wedge- shaped and are sometimes lenticular. The laminae 
themselves are planar or slightly concave, and may be wedge- shaped when 
they are often thicker at the top of the bed than at the bottom. The 
length of an individual lamina varies from about one to three feet. 
Both trough and planar cross -lamination occurs in the Birkenhead 
sandstone. Conspicuous large -scale cross -lamination of the trough type 
occurs near the top of the formation in the Dippal Burn (705327). The 
individual laminae reach 12 feet in length and are concave. Planar- cross- 
lamination is also present and the cross -laminated units are either 
tabular or lenticular in shape, and the laminae almost plane. The 
laminae in the planar cross -laminated units vary from one to four feet 
in length. 
Both types of cross -lamination have also been observed in the 
massive medium- grained sandstones at the top of the Monument formation. 
The cross -laminated units are most commonly either tabular or lenticular 
in shape and the laminae themselves plane or slightly concave, and, on 
the average, about 2'6" long. 
The sandstones and grits of the Dungavel group are almost 
invariably cross -laminated. Large cross- lamination of the trough Lyle 
characterises the Middlefield conglomerate where individual laminae are 
sometimes / 
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sometimes over 12 feet in length. Planar -cross -lamination is also present 
in these rocks, occurring more commonly in the Plewland sandstone than in 
the Middlefield conglomerate. 
Laminated -sandstones are also abundant in this part of the 
succession. The lamination may be due to colour or grain size variations. 
Concentrations of heavy minerals are sometimes found in some of the thin 
laminae. Many of the finer grained sandstones in the Birkenhead sand- 
stone and in the Plewland sandstone are laminated. 
Intrastratal convolutions are sometimes present in the Plewland 
sandstone. The structures are similar to those described by Kiersch 
(1950) from the Navajo sandstone, Utah. 
Ripple -marks are present but not common in these sandstones. 
Transverse asymmetric types and symmetric oscillation types have been 
observed. Their trend does not seem to be related directly to the cross 
lamination. Fig. 2 6 illustrates the characteristic ripple profiles 
found in this part of the succession. 
The conglomeratic rocks of the Dungavel group sometimes show a 
crude imbrication of the long axes of their pebbles. Most of the 
pebbles and boulders have high sphericity and roundness and often 
imbrication is very difficult to detect. 
3. Current Directions / 
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3. Current Directions 
(a) The Patrick Burn formation 
The most abundant data on current directions during the 
deposition of the rocks of the Patrick Burn formation come from longitudinal 
ripple -marks. The distribution of current directions as determined from 
130 of these structures is shown in Fig.28 . The distribution has two 
principal modes at right angles. The more prominent mode suggests a 
current trending to 020/030° and the subsidiary one a current to 300/310 °. 
The distribution of current directions as determined from the 
orientation of 56 transverse -ripple -marks (Fig.2 9 ) also shows two 
principal trends, the more prominent one indicating a current to 350/360° 
and the subsidiary one a current to 330 °. 
Twenty -seven groove -cast measurements have a modal trend at 
040 /050° and subsidiary modes at 020 /030° and at 350/360° (Fig.3 0 ). 
There is insufficient data from the other directional structures 
present to be able to attach any significance to their distributions. 
It is concluded that the principal direction of transport of 
material during the deposition of the rocks of the Patrick Burn 
formation was towards the north north east, though there were subsidiary 
currents / 
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currents varying in trend from 300 -050° about this mode. 
(b) Remainder of the Priesthill group 
Directional current structures are rare in this part of the 
succession. Ripple- marks, cross -lamination and micro -cross -lamination 
have been observed in some of the sandstones towards the top of the group 
and the few measurements available indicate a direction of transport 
towards the north or north west. 
(c) Waterhead group 
The orientation of the foreset laminae in the cross -laminated 
sandstones in both the Waterhead group and the Dungavel group has been 
used to determine the directions in which material was being transported 
during deposition. The data were collected as follows: at each exposure 
two foreset laminae from each of at least two cross -laminated units were 
measured together with the true dip at that locality. The foreset 
laminae were then rotated on a stereogram about the strike at their 
exposure until the bedding had been returned to the horizontal. The 
resultant trends of the foreset laminae were used to determine the 
direction of transport. A statistical analysis of the cross -lamination 
of these sandstones has not been attempted. 
A 
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A stereogram showing the distribution of 77 foreset laminae 
from the Birkenhead sandstone is shown in Fig.3I . The distribution 
is girdle -like and has one strong mode dipping 19° to 295 °. The data 
suggest a delta pattern with a dominant current trend to the WNW. 
Foreset lamination data from the Monument formation is very 
limited in amount. The distribution of 28 foreset laminae from the 
massive sandstones at the top of this formation is shown in Fig.32 . 
There are too few measurements available for any reliable interpretation 
to be made of current trends during the deposition of these sediments 
but the distribution has a wide spread and suggests a similar pattern to 
that of the Birkenhead sandstone, perhaps with a dominent current 
trending NNW. 
The most abundant directional current structure in the other 
formations of the Waterhead group is the ripple -mark. The distributions 
of current directions and current trends as indicated by 51 transverse - 
ripple -marks and 72 oscillation- ripple -marks are shown in Figs. 33 & 
34 . It can be seen that the ripple marks have very variable trends, 
especially the transverse types. The oscillation ripple marks have a 
more restricted distribution than the transverse types and their modal 
alignment 
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alignment is roughly NW /SE. The transverse -ripple -marks also show a 
slight NW /SE modal current direction, more having a north westerly origin 
than a south easterly one. In addition a group of transverse- ripple- 
marks indicates a current of easterly origin. 
The modal alignment of the oscillation- ripple -marks is the 
same as the principal direction of transport indicated by the orientation 
of the foreset laminae of the cross -laminated parts of the Waterhead 
group. It is concluded that the dominant direction of transport 
throughout the deposition of the sediments of the Waterhead group was 
from south of east. 
The very variable trend of the ripple marks is thought to 
reflect the conditions under which they were formed. The "red" forma- 
tions of the Waterhead group contain abundant mudcracks and it is in 
these beds that the bulk of the ripple marks have been observed. Under 
shallow water conditions subject to frequent drying out ripple -marks 
will be formed not only by small streams but also by the action of wind 
blowing across the surface of very shallow water. If the environment 
of deposition is further subject to periodic tidal activity ripple marks 
could well be formed thereby which might add to their total variation 
in trend. In these circumstances ripple -marks will be of limited value 
in / 
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in determining the local direction of transport, and such conditions are 
probably represented by the «red "sediments of the Waterhead group. 
(d) Dungavel group 
Cross -lamination is the only common directional current 
structure present in the rocks of the Dungavel group. Transverse - 
ripple -marks are few and do not necessarily give the same current trend 
as the foreset laminae in the cross -laminated sandstones. 
Fig. 35 shows the distribution of 204 foreset laminae 
measured from the Dungavel group. The distribution forms a girdle with 
the maximum concentration of laminae dipping at 15° to 250 °. The 
distribution suggests a deltaic pattern with a mean current origin from 
about 030 °. 
The results have been split up into three groups in order to 
investigate the regional variation in current direction. The average 
trend of the foreset laminae in each cross -laminated unit measured was 
calculated and from these the mean trend of foreset laminae in each of 
the groups A, B, and C determined (Fig. 3 6 ). The foreset laminae in 
Group A have a mean trend to 225 °, those in Group B a mean trend to 193 °, 
and those in Group C a mean trend to 159 °. The Grand Mean of all the 
foreset 
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foreset laminae trends to 192 °. 
The considerable spread of the results about their Grand Mean 
is thought to be comparable with the expected spread of cross -laminae 
trend in the deposits of a delta spreading southwards and eastwards from 
a point not far east of north. 
The mean trends of the foreset laminae in the sub -areas show 
a fan-like distribution about the Grand Mean and the distribution of 
laminae within each sub -area is comparable with their distribution in 
the structure as a whole. This is considered consistent with a major 
delta structure with the repeated development of sub -deltas on its 
surface. 
A histogram of the trends of all the foreset laminae measured 
from the Dungavel group is shown in Fig. 3 7 and their distribution is 
bimodal. It has been shown statistically that the two modes are 
significantly different and it is suggested that they probably represent 
the development of two principal distributary channels. 
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B. GRAIN SIZE DISTRIBUTION 
1. Introduction 
Size analyses of 62 specimens were made in order to determine 
the grain size distributions of the arenaceous rocks present in the 
succession of the Lesmahagow inlier. The grain -size data were plotted 
on arithmetic probability paper and the statistical parameters calculated 
following the scheme of Inman (1952). The resultant curves and their 
parameters were then compared with the abundant data on recent sediments 
published in the works of van Andel and Postma (1952) and Kruit (1955), 
who, extending the work of Doeglas (1946, 1950), defined three principal 
curve types (F, M and B) for sands and two types (C and S) for clays - 
each group of modern sediments showing a gradational series of curve 
shapes from coarse to fine end members, characteristic of their particular 
environment. 
Many of the Lesmahagow rocks proved very difficult to disaggre- 
gate, and some could not be analysed owing to strong cementation and post - 
depositional alteration of the grains. Most specimens were examined in 
thin section before they were accepted as suitable for grain size analysis. 
2. Results and Discussion 
The sandstones of the Lesmahagow inlier yield size distributions 
which / 
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which are closely related in both overall curve shape and statistical 
parameters to the fluviatile and lower deltaic sands described by van 
Andel and Postma and Kruit. (F, FS and M types of van Andel and Postma; 
C, F, CF and BM types of Kruit. ) - Tables 1 - 3. 
(a) Priesthill Group 
Most of the rocks of the Priesthill group proved unsuitable for 
grain size analysis of this kind, but two specimens, one from the Castle 
formation (B80/3) and one from the Dunside formation (P 26) were analysed 
(Fig.38 /9). The former of these specimens compares closely with the M4 -M5 
types of Kruit and is most probably of shallow water origin, within the 
zone of tidal activity. The latter has the characteristics of the CF or 
M types of Kruit and probably represents a facies strongly influenced by 
river action, though subject to periodic tidal sorting. 
(b) Waterhead Group 
The Passage and Leaze formations yield sands and silty sands of 
the F and possibly M types of Kruit and the M types of van Andel and Postma 
(Fig.38 /9). These sands contain more than 10% clay and are characteristic 
of the lower delta fluviatile conditions in the Gulf of Paria and Rhone 
delta regions. 
The Birkenhead sandstone possesses the size distribution 
characteristics 
-81- 
characteristics shown in Fig.4O /I. These sandstones correspond to the 
FS series of van Andel and Postma and the CF series of Kruit. The latter 
author notes that sands of this type are wholly fluviatile and are found 
in distributary channels, point bars and fluvio -aeolian dunes in the Rhone 
delta region. 
The Birkenhead sandstone does not show any significant variation 
over its present outcrop. The median grain size ranges from 2.0 - 3.0 k ; 
the sorting coefficient from 0.7 - 1.1*; and the skewness is positive 
varying between 0.29 and 0.63. The formation is a fairly uniform sheet 
of fine sand of fluviatile character, moderately to poorly sorted, the 
size distribution of which is skewed towards the fine grades. 
The Monument and Logan formations compare closely with the Leaze 
formation, their sandstones having the curve characteristics of the F and 
M types of van Andel and Postma (Fig.38/9). Such distributions are 
characteristic of the lower delta region of fairly fine grained fluviatile 
deposits in the Gulf of Paria. 
(c) Dungavel Group 
The rocks of the Dungavel group vary in grain size from conglo- 
merates to fine sandstones. The coarse sediments are members of the F 
and FS series of van Andel and Postma and of the C and CF series of Kruit 
(Fig.42 /3). It is concluded that the bulk of the material was deposited 
in / 
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in a region of the "upper delta with sufficient supply of coarse and 
suspended material and a predominance of river regime" (van Andel and 
Postma, 1954, p.89). 
The fine -grained Plewland sandstone has the grain size charac- 
teristics of the M types of van Andel and Postma (Fig.42 /3). Such 
sandstones are found in conditions of the "lower delta, estuaries and the 
delta platform with abundant supply of fine suspended silt and clay; 
coarse sand locally lacking; influence of tidal currents predominant" 
(van Andel and Postma, 1954, p.89). 
The Dungavel group's two distinct facies - the Middlefield 
conglomerate and the Plewland sandstone are well displayed by the grain 
size data. The Middlefield conglomerate is associated with sandstones 
and pebbly sandstones which have the following characteristics; Md 4 
2.0, o", 1.0 - 1.2, and c0.11 +0.33 - 0.45. The Plewland sandstone is much 
finer grained Ovid averages 3.0), moderately to poorly sorted (147-q 
averages 1.0) and positively skewed M+0.44). The group is a thick 
sandstone sequence probably of fluviatile and lower deltaic origin, the 
extent to which its two formations are lateral equivalents of each other 
being unknown owing to poor outcrop. 
Detailed studies of the aerial variations of the sandstone 
formations of the Lesmahagow inlier were impossible owing to poor outcrop. 
All the sandstone formations maintain their general characteristics . 
throughout the area. 
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C. MODAL ANALYSIS 
1. Introduction 
One hundred modal analyses were made of the arenaceous rocks 
of the Lesmahagow succession in order (a) to determine their gross 
composition and their maturity and (b) to find out whether any signi- 
ficant variations in composition exist within any of the formations 
mapped in the field. The study has been confined to unweathered and 
unaltered medium - coarse- grained rocks. Consequently data are not 
available from all the formations in the succession as the rocks in 
some cases are too fine in grain and /or have undergone too much secondary 
alteration. 
The results obtained are shown in Tables 4 - 13 and the 
method used and its limitations are discussed in the Appendix to this 
thesis. 
2. Results 
(a) Priesthill group 
(1) Patrick Burn formation: Twenty -two specimens from this formation 
were analysed (Table 5 ). The distribution of the Maturity Indices of 
these 
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these specimens is bimodal and it has been shown statistically that the 
two modes are significantly different. The two compositional types 
have been designated A and B. Type A is the more common, is characterised 
by a Maturity Index between 2.1 and 4.9, and has an average composition 
of 55% total quartz, 9% felspar, and 9% total rock fragments. Type B 
is characterised by a Maturity Index of between 6.5 and 8.1 and an 
average composition of 59% total quartz, 5% felspar, and 3% total rock 
fragments. 
The arenites of the Lesmahagow inlier have all been classified 
following the scheme of Crook (1960). A QFR (Quartz:Felspar:Rock 
fragments) diagram of the specimens from the Patrick Burn formation is 
shown in Fig.44 . The specimens of Type A cut the fields of the 
felspathic and lithic labile greywackes and the fields of the felspathic 
and lithic sub -labile greywackes. Those of Type B are separate from 
them and are dominantly felspathic sub -labile greywackes. 
(2) Dunside formation: Only one specimen from this formation has 
been analysed (Table b ). It contains 66% total quartz, 13% felspar, 
1% total rock fragments, and is comparable in composition with the 
sandstones of the overlying Leaze formation. When plotted on a QFR 
diagram it classifies as a felspathic sub -labile sandstone. (Fig. 44). 
(b) Waterhead group / 
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(b) Waterhead group 
(1) Passage formation: Three specimens from the Passage formation 
have an almost constant composition averaging 52% total quartz, 17% 
felspar, and 5% total rock fragments (Table 6 ). The specimens have 
an average Maturity Index of 3.7 and classify as felspathic sub -labile 
sandstones (Fig .4 5) . 
(2) Leaze formation: Six specimens from the Leaze formation have 
been analysed (Table b ). They vary little in composition and have an 
average content of 52% total quartz, 9% felspar, 4% total rock fragments 
and an average Maturity Index of 4.1. They classify as felspathic sub - 
labile sandstones (Fig .4 5) . 
(3) Birkenhead sandstone: The modal composition of eight specimens 
from the Birkenhead sandstone are shown in Table 7 . The specimens 
show very little variation in composition and have an average content of 
55% total quartz, 7% felspar, 10% total rock fragments, and an average 
Maturity Index of 3.2. These specimens classify as lithic sub -labile 
sandstones when plotted on a QFR diagram (Fig. 4 5 ) . 
(4) Logan formation: The one specimen from the Logan formation 
which has been analysed is similar in composition to the other red beds 
of the Waterhead group. It contains 57% total quartz, 7% felspar, 2% 
total / 
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total rock fragments, and has a Maturity Index of 6.3 (Table 7 ). In 
common with the other red beds of this group it classifies as a fels- 
pathic sub -labile sandstone (Fig.4 5 ). 
(c) Dungavel group 
(1) Middlefield conglomerate: basal member: Nine specimens from 
the basal member of the Middlefield conglomerate have been analysed. 
(Table 8 ). These rocks are rather variable in composition and may 
contain up to 74% rock fragments. Those specimens containing most rock 
fragments are found in the lowest horizons of the member associated with 
boulder conglomerate and pass up into sandstones of Plewland sandstone 
type (e.g. Logan Water). 
These rocks have an average composition of 39% total quartz, 
15% felspar, 26% total rock fragments, and an average Maturity Index of 
1.0. Most of them classify as lithic labile sandstones on a QFR 
diagram, the remainder as felspathic labile sandstones (Fig.4 6 ). 
(2) Middlefield conglomerate: quartzose sandstones and grits: 
Eighteen specimens from this member have been analysed (Table 9 ). 
The transitional upper and lower limits of the member observed in the 
field can also be demonstrated in the composition of the rocks. 
The 
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The average composition of the specimens analysed is as 
follows: 77% total quartz, 3% felspar, and 5% total rock fragments. 
They have an average Maturity Index of 9.6 and most of them classify 
as quartzose sandstones, the remainder as lithic sub -labile sandstones. 
(3) Plewland sandstone: Modal analyses of 20 specimens from this 
formation are shown in Table IO . They are rather variable in compo- 
sition; total quartz varies from 36 -79 %, total rock fragments from 
0 -9 %, and felspar from 4 -18 %. The average composition of these specimens 
is as follows: 60% total quartz, 11% felspar, and 3% total rock frag- 
ments. Their average Maturity Index is 4.3 and they classify as either 
quartzose sandstones or felspathic sub -labile sandstones. 
(d) Lower Devonian 
Three specimens from the Lower Devonian of Birkenhead Burn 
have been analysed (Table II ). Like the basal member of the Middlefield 
conglomerate the sandstone from within the Greywacke conglomerate contains 
a high proportion of rock fragments (50% total rock fragments) and as 
the succession is ascended the sandstones become more mature and similar 
to the Plewland sandstone in composition. 
(e) Hagshaw Hills inlier 
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(e) Hagshaw Hills inlier 
Eight specimens from the Hagshaw Hills inlier have been analysed 
and the results obtained are shown in Table II . The data is limited 
in amount but serves to demonstrate that the formations of the Lesmahagow 
and Hagshaw Hills inliers which have been correlated for stratigraphic 
reasons have, on the whole, very similar compositions. 
3. Discussion 
(a) Priesthill group 
The rocks of Type B in the Patrick Burn formation are finer 
in grain than those of Type A and the compositional differences between 
them may be purely a reflection of grain size. There is however, the 
added possibility that the compositional differences reflect a difference 
in source. It has been shown that the bulk of the material of this 
formation was derived from the south -west and that a subsidiary source 
lay to the south -east. It may be that the more mature rocks of Type B 
had their origin to the south -east and those of Type A originated in the 
south -west. This possibility is also suggested by the fact that the 
rocks of the Waterhead group, which had their origin in the south -east, 
have 
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have a very similar composition to those of Type B in the Patrick Burn 
formation. 
The close similarity between the compositions of the sandstone 
from the Dunside formation and those of the overlying Passage and Leaze 
formations is considered to reflect an identical source. 
(b) Waterhead group 
The red beds of the Waterhead group are of very uniform 
composition. The Birkenhead sandstone contrasts with the red beds 
owing to its higher content of rock fragments. Evidence suggests that 
both the red beds and the Birkenhead sandstone had the same south 
easterly source. The compositional differences may only be a reflection 
of grain size differences but they may also record a rejuvenation of the 
source. 
(c) Dungavel group 
The composition of the rocks of the Dungavel group reflect the 
major change of source indicated by the directional current data, the 
presence of large quantities of basic igneous rock fragments in the basal 
beds being a particularly conspicuous indicator. Pebbles and boulders 
of / 
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of ( ?)Dalradian quartzite are abundant further suggesting a northerly 
source. 
The very mature grits and sandstones of the upper part of the 
Middlefield conglomerate contain only very small amounts of basic igneous 
material and probably had a slightly different source to that of the 
lower part of the formation. 
The Plewland sandstone is similar in composition to the sand- 
stones present in the basal member of the Middlefield conglomerate and, 
while more mature, may have had the same source. It is possible that 
the two sources may be related to the two principal current directions 
which have been determined for this group. 
(d) Correlation: Lesmahagow - Hagshaw Hills inliers (Tables 12 & 13 ) 
The rocks of the Ree Burn formation of the Hagshaw Hills inlier 
are similar in composition to those of the Patrick Burn formation - Type 
A in the Lesmahagow inlier. Rocks of similar composition to the 
Parishholm conglomerate of the Hagshaw Hills are not represented in the 
Waterhead group of Lesmahagow and its correlatives are unknown. The 
red beds of the Glenbuck group of the Hagshaw Hills are almost identical 
in / 
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in composition with those of the Waterhead group. Similarly, the 
Hareshaw conglomerate of the Hagshaw Hills is comparable in composition 
with some of the specimens from the basal Middlefield conglomerate, 
though lacking abundant basic igneous fragments at the sampling locality. 
4. Provenance 
(a) Priesthill and Waterhead groups 
Other than quartz and felspar, fine- grained acid igneous rocks 
are the most common fragments in the rocks of both the Priesthill and 
Waterhead groups. Devitrification textures are common and most of the 
fragments are either rhyolites or keratophyres. Small amounts of 
intermediate and basic igneous rock fragments also occur and among these 
trachytes, andesites, and spilites have been identified. Metamorphic 
quartzite and schist fragments also occur. Sedimentary rock fragments 
usually have a local source but some chert is present. Both orthoclase 
and plagioclase felspars are present in these rocks and are accompanied 
by microcline, perthite, and graphic intergrowths with quartz. 
The source area consisted mainly of acid volcanic rocks, with 
rather lesser amounts of intermediate and basic volcanics, metamorphics, 
plutonic intrusions, and pre -existing sediments. It seems probable that 
most 
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most of these rocks were of Ordovician age though the quartzites were 
probably older. 
(b) Dungavel group 
The rocks of the basal member of the Middlefield conglomerate 
contain abundant fine -grained igneous rock fragments in addition to 
pebbles and boulders of quartzite, vein quartz, jasper, and granodiorite. 
The igneous rock fragments are mainly volcanics and include andesites, 
spilites, and rhyolites. The rocks of this member are petrologically 
very similar to the Parishholm conglomerate of the Hagshaw Hills inlier, 
though the latter formation lacks the quartzite boulders which are so 
common in the lower horizons of the Middlefield conglomerate. Similar 
rock types are found in much smaller amounts in the Plewland sandstone. 
Felspar is common in both the basal member of the Middlefield conglomerate 
and the Plewland sandstone. Plagioclase, some of which is zoned and 
orthoclase, are both common. Occasionally microcline and fragments of 
a graphic intergrowth between quartz and felspar are present. 
The source area consisted of both acid and basic volcanics and 
quartzites, jaspers, some schists, together with some acid igneous 
plutonic intrusions. The source lay to the NNE of the present outcrop 
and 
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and its rocks may well have belonged to the Dalradian and Highland Border 
Series. 
The rocks of the upper part of the Middlefield conglomerate 
contain only small amounts of rock fragments and felspar. The fragments 
consist mainly of quartz and vein quartz with subsidiary amounts of 
quartzite, schist, quartzose grit, fine -grained acid igneous rocks and 
locally derived sediments. The source area is thought to have been 
broadly similar to that of the other parts of the Dungavel group but 
lacking basic volcanics. 
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D. GEOCHEMISTRY and CLAY MINERALOGY 
1. Introduction 
Various chemical criteria may be used to identify marine 
and non -marine sediments. In recent years a considerable amount of 
work has been done in this field concentrated mainly on the inorganic 
constituents of sediments. The author was fortunate enough to spend 
several months working under the supervision of Dr. E.T. Degens in 
Wiirzburg, Bavaria, applying geochemical techniques to the environ- 
mental study of the Lesmahagow rocks. 
In any sediment various inorganic and organic components 
can be associated although they are not necessarily genetically 
related. Both authigenic and allogenic materials of many different 
origins are intimately mixed. With the exception of monomineralic 
sediments, the interpretation of analyses of heterogeneous mixtures 
of sedimentary components is therefore very difficult. In order to 
make valid geochemical facies interpretation and to interpret con- 
ditions of pH, Eh, and organic activity in ancient environments, 
the material to be studied must firstly be split up into its various 
components. Analyses are then made of those components which, 
during their deposition, were the most sensitive indicators of 
their particular facies and in which environmental characteristics 
were / 
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were fixed and not likely to have been appreciably affected by 
subsequent diagenesis or weathering. 
Degens, Williams and Keith (1957) and Keith and Degens 
(1959) discuss those chemical characteristics of sediments which 
are of environmental significance. In clastic rocks the chemistry 
and mineralogy of the clay fraction is very important. It has long 
been thought that there was a direct relationship between clay 
mineral suites and their environment of deposition. Weaver (1957, 
1958) has reviewed the recent literature on this problem and con- 
cludes that the clay fraction of a sediment is mainly of detrital 
origin, the clay minerals owing their composition in large part to 
the rocks, soils and climatic conditions of the source area. The 
detrital clays are later modified by processes of adsorption and 
recrystallisation in the basin of deposition. In certain areas 
there is an observable relationship between clay species and environ- 
ment (Grim and Johns 1954, Keller 1956, Degens et alia 1957, Murray 
1954), but this is not necessarily the general case. 
The trace elements of the clay fraction, however, do show 
environmental variations. Boron appears to be the most sensitive 
element and the boron content of marine shales has been shown to be 
significantly higher than non -marine ones (Landergren 1945, Degens, 
Williams and Keith 1957, 1958, Degens et alia 1959, Keith and 
Bystrom 
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Bystrom 1959). Lithium, rubidium and gallium have also been used as 
environmental indicators but do not seem to be as sensitive as boron. 
In the oxidate fractions of sediments the ratio between iron 
and manganese has been used to differentiate between marine and fresh- 
water shales in the Ruhr (Degens 1958), where manganese is enriched 
with respect to iron in the marine examples. Goldberg (1954) notes 
that the trace elements of these oxidate minerals may also show 
environmental variations. 
It has been shown that authigenic freshwater pyrite has 
higher cobalt, silver, copper and arsenic as trace elements than 
marine pyrite (Goldberg 1954, Goldschmidt 1954). 
The calcium /magnesium ratio and the trace element content 
of limestones as well as the isotopic composition of the carbon atom 
can give very useful information about environment. (See Revelle 
and Fairbridge 1957). 
Recently the organic constituents of sediments and their 
possible environmental significance have been examined. (See 
Abelson 1956, 1957, Lehmann and Prashnovsky 1959, Degens and Bajor 
1960.) Abelson has shown that original organic material is pre- 
served in ancient sediments only if the rocks concerned have not 
been heated above 200 °C and have not been exposed to the action of 
free oxygen or bacteria. Determination and discrimination of amino 
acids / 
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acids by these workers has shown that the proportions of these 
compounds found in ancient sediments differ from those of the present 
day. Glutamic and aspartic acids are present in much smaller 
amounts, while glysine, cystine, serine, and the two basic amino acids 
lysine and arginine are enriched relative to recent sediments. It 
has been suggested that this difference is due to diagenetic rather 
than evolutionary changes, a directed fractionation of amino acids 
occurring during diagenesis owing to the different stabilities of 
various proteins and polypeptides. The result is a concentration of 
the most stable amino acids. In the case of cystine, the tremendous 
enrichment relative to the present is caused by the preservation of 
cystine -enriched polypeptides like keratine (epidermal relics). 
Besides the diagenetic fractionation process the possibility that 
micro organsims like bacteria or actinomycetes are still living in 
the sediments has been suggested to explain the enrichment of unstable 
amino acids like arginine and lysine. 
Degens and Bajor (1960) show that significant differences 
exist between the amino acid spectra of recent marine and non- marine 
sediments - differences which can be recognised in the amino acid 
contents of older rocks. Both the arginine +lysine /alanine ratio 
and the organic carbon/hydrogen ratio are lower in fresh and brackish 
water sediments than in marine sediments. 
2. Analytical Procedure / 
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2. Analytical Procedure 
A detailed account of the various chemical and photometric 
techniques used in this work are contained in the Appendix. 
Approximately 500g. of each specimen were collected in the field. 
Argillaceous material was sampled wherever possible Table . Each 
specimen was dried at 90 °C for 48 hours, and then crushed to a grade 
of less than 0.25 mm. in a porcelain mortar. The crushed material 
was then analysed for Fe, P, Mn, Ca, Mg, Na and K following the 
techniques of Knetsch, Degens and Reuter (1960). Boron was deter- 
mined chemically using the method of Beck and Roth (1954) modified for 
geological purposes by Werner (1959). 
Oriented clay separates were prepared for a limited number 
of specimens and the clay minerals identified using an X -ray gonio- 
meter.' The B, Ca, Mg, Na and K content of these clays was also 
determined using the methods outlined above. 
Two specimens were analysed for 11 amino acids. 150g. of 
each specimen were hydrolysed in 6N HC1 for 24 hours at 100 0C under 
reflux. The salts contained in the hydrolysate were removed by the 
method / 
1 The author is indebted to Herr Dr. Saalfeld of the Max Plank 
Institut, Würzburg for his help with the clay mineral analyses. 
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method of Degens and Bajor (1960) and the amino acids analysed by 
the chromatographic technique of Fischer and Doefel (1953) modified 
by Degens and Bajor (1960). 
3. Results and Discussion 
Over 150 specimens from the Lesmahagow and Hagshaw Hills 
Inliers have been analysed. Of these 24 were selected as a Test 
Profile through the Lesmahagow Inlier and have been studied in rather 
more detail than the remainder. The analytical data are shown in 
Tables 
The outstanding character of almost all the results is 
their constancy. There are remarkably small proportional changes in 
most of the elements analysed across important environmental boundaries. 
This study has shown that in clastic sediments of this age and facies, 
chemical environmental characteristics must be sought in the clay 
fraction, and more specifically in the trace element content of the 
clay fraction. With certain exceptions, the amounts of and ratios 
between elements environmentally related do not show consistent or 
systematic variation. 
(a) The Test Profile 
(1) Clay Mineralogy: The clay mineral investigation includes 
only 
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only the specimens of the Test Profile. It is not a comprehensive 
study and must be regarded as giving only a preliminary picture of 
the clay mineralogy of these sediments.' 
The results of the clay mineral analyses are shown in 
Table . The 5 micron fraction of all the specimens analysed 
contain either illite and chlorite in varying proportions or illite 
alone. In certain cases the presence of small quantities of a 
mixed layer clay was suspected but the determination of such complex 
minerals was beyond the scope of the work. Chlorite is absent from 
the 5 micron fraction of the sandstone specimen No. 76. It is 
thought that this was caused by the extraction procedure as porous 
sandstones may contain chlorites larger than 5 microns. 
The argillaceous material analysed contains both illite 
and chlorite and it is possible that illite /illite +chlorite ratios 
greater than 0.8 for these specimens may point to marine rather than 
fresh or brackish water deposition. Such data alone however, are 
not regarded as reliable environmental indicators in this area. (Fig.47). 
A mineral of the perovskite group, tentatively identified 
as loparite (Ca,Ce,Na)(Nb,Ti)03 , occurs in the 5 micron fraction 
of / 
1 
Mr. 0.B. Raup of the University of Colorado is at present engaged 
in a detailed analysis of the clay mineralogy of these rocks. 
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of the three specimens from the Patrick Burn formation. If this 
mineral is authigenic its presence would suggest a volcanic influence. 
Volcanism would be expected to be of sporadic nature affecting only 
limited horizons in the sequence. It would also contribute high 
proportions of other elements like boron to the environment. While 
boron is high in these specimens compared to the remainder of the 
section, it is not unusually so and its enrichment can be satis- 
factorily explained by other considerations. In addition there is 
no field evidence suggesting contemporaneous vulcanicity in the area 
at this time. It seems likely therefore, that the mineral is of 
detrital origin, having its source in metamorphic or basic igneous 
rocks. 
The analyses for K, Na, Ca, Mg and Mn made on the clays of 
the Test Profile (Table I5 ) do not necessarily represent the total 
contents of these elements in the clays concerned. They represent 
the amounts of these elements extracted by boiling for 2 hours in 
2N HC1 under reflux. The results are of interest in that they 
demonstrate an enrichment of K, Na, Mn and Mg in the clay fractions 
compared to the contents of these elements in the unseparated 
material. Only a certain proportion of the Na and K is soluble 
in boiling 2N HC1 and for this reason the Na /K ratio shows only 
slight / 
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slight variation. 
Ca/Mg ratios are uniformly low throughout the section, 
possibly reflecting a preferential extraction of Mg over Ca by the 
acid and /or a preferential combination of Mg over Ca in the clays. 
As Welte (1959) showed that K is not removed from felspars 
by 2N HC1, it is theoretically possible to estimate the amounts of 
clay in the 5 micron fraction of the specimens analysed by com- 
paring their K contents. The calculation yields values considered 
too low for the argillaceo us material analysed. However, with very 
careful control of the acid treatment, the method may be of use. 
By a similar argument comparison of the boron content of 
the unseparated material and its clay fraction should yield a 
similar estimate for the amount of clay present. The boron results 
are not subject to the error of incomplete extraction as was the 
case with the K values, and they give the much more acceptable 
estimates shown in Table 15 . 
(2) Boron: In the lithosphere boron always occurs in com- 
bination with oxygen (Rankama and Sahama 1950). It may be 
incorporated into minerals having hydroxyl groups in their structures 
(e.g. biotite and the amphiboles) and is therefore concentrated in 
the basic and ultra -basic igneous rocks. Boron has small ionic 
size / 
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size (rB3+ = 0.20kX) and many of its compounds are volatile, preventing 
the entrapment of all available boron in the hydroxyl- bearing minerals. 
The bulk of the boron in igneous rocks occurs in tourmaline 
or in one of the boron- bearing silicates or borosilicates axinite, 
dumortierite, danburite or datolite. In datolite and danburite boron 
forms BO4 tetrahedra in a framework of SiO4 tetrahedra (Rankama 
and Sahama 1950). The degree of substitution between boron and 
silicon remains small owing to the great difference in their ionic 
radii (rB3+ = 0.20kX; rSi4+ = 0.39kX) and it is probable that this 
only takes place when the amounts of boron available are too low to 
allow the formation of independant boron minerals. 
High boron contents can occur in manganese minerals. For 
example, Wasserstein (1943) found between 1.1 and 1.2% B203 in braunite 
(214n203.MnSiO3). 
Boron is necessary for the growth of the higher plants and 
is concentrated by many living species. It is also concentrated in 
seaweeds, corals and siliceous sponges. Coastal soils and soils 
derived from marine sediments contain more boron than those formed 
from the weathering of igneous rocks (Goldschmidt and Peters 1932). 
Guliaeva (1942) has shown that more boron is present in 
salt water sapropel than in freshwater sapropel and that this 
enrichment / 
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enrichment parallels an overall increase in content of organic matter. 
Volcanic emanations and mineral waters associated with 
volcanic activity are rich in boron (Landergren 1945, Tageeva 1942, 
Zies 1929). 
During chemical weathering processes boron is transported to 
the sea as boric acid and soluble borates. The boron content of 
continental weathering products rich in alumina is often lower than 
that of igneous rocks (3- 30ppm.) owing to partial leaching during 
weathering processes (Rankama and Sahama 1950). 
Boron is apparently present in sea water as undissociated 
boric acid and is precipitated into hydrolysates, oxidates and 
evaporates. Landergren (1945) suggests that boron is present in 
sediments in relatively volatile form and that the concentration of 
boron in any sediment increases directly as the salinity of its 
depositional environment increases. 
It has been unquestionably established in the works quoted 
above and in the introduction to this discussion that boron is 
enriched in the marine environment and that it is concentrated in 
marine sediments. 
Both Landergren (1945) and Goldschmidt (1932) suggested 
that boron is enriched in marine sediments by adsorption of boron 
ions on clay particles. Goldberg and Arrhenius (1958) found that 
boron 
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boron in clays is very strongly held and suggested that it was 
proxying for silicon in SiO4 tetrahedra. In a recent paper Harder 
(1960) has shown that high concentrations of boron in marine 
sediments are attributable to the illites. The boron contents are 
due either to an absorption of boron from sea water or to the 
formation of authigenic micas with the simultaneous incorporation of 
boron. Harder has shown experimentally that clays can take up boron 
from solvents, dioctahedral micas absorbing more boron than other 
types. He suggests that boron can not be adsorbed and that in clays 
it replaces Al which is proxying for Si in the tetrahedral position. 
Finally Harder concludes that the illites he studied are mostly of 
detrital origin. 
In Fig.48 the boron content of the unseparated material, 
clay fraction, and illite component of the clay fraction of the 
specimens of the Test Profile are compared. It can be seen that the 
boron content of the unseparated material varies between 19 and 76 ppm. 
and that it is enriched in the clay fraction where concentrations up 
to 196 ppm. are found. Furthermore, when the latter values are 
calculated as proportions of the illite present, concentrations ranging 
from 42 to 282 ppm. are obtained. 
The section is divisible into two distinct parts with respect 
to the boron contents of the illites present. The illites of the 
lower / 
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lower beds, including the Patrick Burn formation and parts of the 
Kip Burn, Blaeberry and Dunside formations yield between 172 and 
282 ppm. B. The illites of the remainder of the section contain 
much lower amounts, ranging between 42 and 132 ppm. B. 
These data are interpreted as recording two fundamentally 
different environments. Palaeontological evidence suggests that 
the Patrick Burn formation is of marine origin and this is sub- 
stantiated by the boron data. 
The grain size distribution data for the sandstones of 
both the Waterhead and Dungavel groups suggest a fluviatile origin 
and the lower boron values are considered to support this contention. 
Fig. 4 8 shows clearly a zone of variable boron content 
ranging from the Castle formation to the Passage formation. This 
is interpreted as resulting from gradually decreasing salinity 
conditions in the environment of deposition. 
The fish beds of the Waterhead group (Sp. Nos. 181 and 93) 
show rather higher boron in their illites than the rocks above and 
below. This is interpreted as being probably due to brackish water 
conditions. The occasional occurence of marine faunal elements in 
these beds lends support to this contention. 
The existance of appreciable boron in the illites of the 
fluviatile environment in this area suggests that the illites had 
their 
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their origin in pre- existing marine sediments. 
The boron contents of the sediments of fresh water and marine 
origin in the Lesmahagow area compare very closely with the values 
obtained by Degens, Williams and Keith (1958) from various Penn- 
sylvanian marine and freshwater shales in the U.S.A. 
(3) Other inorganic constituents: The analyses for total 
carbonate, Ca and Mg are shown in TableI4 . Total carbonate varies 
from almost nil in the Passage formation to a maximum of 13.77% in the 
carbonaceous shales of the Ceratiocaris bed. A comparison between the 
Ca and CO3 values shows that the carbonate present is almost wholly 
calcite. It is important to note that relatively high concentrations 
of calcite are found in the carbonaceous sediments of the section, and 
that high calcite is associated with high boron content. (Fig. 49). 
Ca/Mg ratios can not be used as environmental indicators in 
this case because of the small amounts and dominantly calcitic nature 
of the carbonate and because Mg is enriched in the clay fraction and is 
preferentially extracted by the HC1 treatment. Such a preferential 
extraction of Mg over Ca can also be observed in weathering processes 
(Hawkes 1959). The result is that Mg extracted from the clay completely 




The calcite of the fine -grained, almost impervious rocks 
analysed is considered to be original. That of the porous sandstones 
(e.g. Sp. No. 191) is thought to be largely of secondary origin. 
In the freshwater environment the precipitation of calcium 
carbonate may be caused by the loss of CO2 from the water to the 
atmosphere. It is likely that the higher values (up to 2.67% CO3) 
of parts of the Leaze formation are due to loss of CO2 during sedi- 
mentation. There is abundant evidence of drying out in the muds of 
this formation and as this was happening small freshwater pools would 
become isolated. As these pools dried out CO2 would be lost to the 
atmosphere, the solubility of calcium carbonate would fall and calcite 
would eventually precipitate. 
The organic -rich fish beds of the Waterhead group contain up 
to 6.69% 003. From the boron data it would appear that these horizons 
represent brackish water conditions. In this case the precipitation 
of calcite may well have been aided by the extraction of CO2 by aquatic 
plants. 
In the Ceratiocaris bed and lower in the section, consistently 
high carbonate values are obtained. Here, in the marine environment, 
it is very probable that the organic material played an important part 
in the precipitation of calcite. The physio -chemical conditions 
determining the solubility and /or precipitation of calcite in the 
marine 
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marine environment are complex however, and organic material may have 
played only a minor part compared to conditions of pH, temperature and 
salinity. 
Both manganese and iron behave in very much the same way 
during weathering processes and the two metals are both concentrated 
in the oxidate sediments. However, despite the overall similarity in 
their behaviour, manganese and iron may under particular circumstances 
be more or less completely separated from each other. Not only is 
this due to the fact that iron is more readily oxidised than manganese 
but also Fe(OH)3 is precipitated over a more acid pH range than Mn(OH)3. 
Manganese may remain in solution in the bivalent state or may 
be oxidised to the quadrivalent state, when it remains in suspension as 
a colloidal hydroxide, probably stabilised by organic colloids. The 
precipitation of Mn is nearly quantitative and may take place in fresh- 
water or in the brackish waters of river mouths. 
The relative proportions of iron and manganese being deposited 
in any environment are also governed by other factors (see Rankama and 
Sahama 1950, p.647 -652) and wide variations in their proportions can 
occur over fairly small areas. 
It/ 
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It is probable that in many circumstances marine and brackish 
water sediments will contain higher amounts of manganese with respect 
to iron than the contemporaneous deposits of a freshwater environment. 
Fig.5 O shows the variation in the Fe /Fe +Mn ratio for the 
specimens of the Test Profile. There is a relative enrichment of Mn 
(Fe /Fe +Mn less than 0.950) in the sandstones of the Dungavel group 
(Sp. No. 191), the fish beds of the Waterhead group (Sp. Nos. 181 and 
93), one specimen of the Leaze formation (Sp. No. 159), and in the 
Ceratiocaris bed and older rocks (Sp. Nos. 151, 115, 124 and 133). 
The result from the Dungavel group specimen is considered to be un- 
reliable as the Fe /Fe +Mn ratio could very easily have been altered by 
the action of percolating ground waters. 
The enrichment in the case of the fish beds is taken to lend 
support to the argument for their brackish water origin. The marine 
rocks of the Patrick Burn formation also show an enrichment of Mn with 
respect to Fe, as would be expected from the theoretical considerations. 
The enrichment in Mn in part of the Leaze formation may 
indicate a temporary marine influence, or may be an example of the 
precipitation of an anomalous amount of Mn in the freshwater environment. 
It is of interest to note that the specimen containing the 
most Mn in the section (No. 124 with 0.38 wt. %) also contains the 
highest / 
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highest concentration of boron in its illite (282 ppm.). As boron can 
occur as an important trace element in manganese minerals, it is 
possible that all the boron in this specimen may not be held in the 
clay fraction and some may be associated with the manganese. 
The amounts of sodium present ( 0.02 wt. %) in the unseparated 
material of the Test Profile were found to be too small to allow 
accurate determination by the flame photometric technique at the 
author's disposal. Potassium is also low in amount (0.24 -0.71 wt. %) 
and does not show any significant environmental variations. Similarly 
phosphorous is present in very small quantity (0.01 -0.08 wt. %) and the 
iron/phosphorous ratio does not consistently vary with environment. 
Most of the laminated carbonaceous shales of the Lesmahagow 
succession contain certain quantities of iron sulphide. From hand 
specimen and thin section examination it is thought that it is in the 
form of pyrite rather than marcasite. The pyrite occurs as tiny granules 
and irregular sub -lenticular masses or as small nodules and is thought 
to be largely of authigenic origin. 
Iron is precipitated as sulphide in stagnant water in the 
presence of hydrogen sulphide which may be produced by bacterial de- 
composition of sulphoproteins, bacterial reduction of sulphates or by 
bacterial / 
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bacterial action on free sulphur (Rankama and Sahama. 1950). Under 
aerobic conditions iron sulphides are oxidised unaided by micro- 
organisms. 
The very fine lamination of the pyrite- bearing shales suggests 
extremely quiet water conditions. The shales also contain abundant 
organic material. It is considered very likely that the presence of 
pyrite in these rocks records the bacterial decomposition of organic 
debris under anaerobic conditions. It does not follow, however, that 
anything other than the bottom muds of this period were subject to 
oxygen deficiency. The pyrite in the greywackes of the Patrick Burn 
formation is considered to have been deposited from percolating waters 
very soon after deposition by the processes described above. 
(4) Organic component: Specimen numbers 181 and 125 were analysed 
for 11 amino acids. The results obtained are shown in Table 16 . It 
can be seen that the specimens contain relative abundance of glysine, 
cystine, serine and the basic amino acids lysine and arginine. Glutamic 
and aspartic acids are present only in relatively small amounts. This 
distribution of amino acids compares closely with the results of Degens 
and Bajor (1960). Both of the ratios: arginine +lysine /alanine and 
organic carbon /hydrogen are higher in the shale from the Patrick Burn 
formation 
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formation than in the Waterhead group fish bed. By comparison with 
the results on recent sediments one is led to suspect that the former 
originated under higher salinity conditions than the latter. Such a 
conclusion must remain tentative until more is known of the amino acid 
content of sediments and their environmental significance. 
(5) Radioactivity: Finally, the Test Profile was examined for 
gamma radiation (Table 17 ). The section contains no appreciable 
content of radioactive material. 
(b) General Profiles 
Analyses made on the specimens of several profiles distributed 
over the area and covering the whole of the succession are shown in 
Tables 18-25 . The contents of Fe, P, Mn, Ca, Mg, Na and K in these 
specimens were determined by the methods of Knetsch, Degens and Reuter 
(1960). One profile through the Hagshaw Hills Inlier has also been 
analysed (Table 26 ). As has been seen from the more detailed study of 
the Test Profile, inorganic analyses are of only limited value for 
environmental interpretation without additional data on the clay fractions 
of 
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of the specimens concerned. All the specimens to be discussed in this 
section lack such information. 
Before any interpretation of the data on the general profiles 
is made the roles played by certain of the elements analysed in the 
exogenic cycle and the ways in which they may occur in sediments will 
be described. 
Argillaceous sediments are characterised by having more K20 
than Na20, and usually more Mg0 than CaO. In river water Na20 is more 
abundant than K20 and Ca0 more abundant than MgO. This anomaly is 
explained by the preferential sorption of potassium and magnesium in 
the clay minerals (Rankama and Sahama 1950). 
Sodium and potassium, released during weathering processes, 
unlike aluminium remain in ionic solution and are carried to the sea. 
The alkali elements, however, behave in rather different ways during 
transportation. Sodium remains in solution but potassium does not and 
is largely adsorbed and enriched in clay minerals. The adsorption of 
potassium takes place in river waters and the water becomes deficient 
in potassium with respect to sodium. The adsorption of potassium by 
the clays is finally completed in the sea. Potassium has a greater 
ionic radius and lower ionic potential than sodium and may also be 
adsorbed by colloidal manganese hydroxide. The great bulk of the 
sodium 
-115- 
sodium released during weathering accumulates in the sea and remains 
there for long periods of geological time (Rankama and Sahama 1950, 
p.431 -433). 
The magnesium content of argillaceous sediments is not very 
different from that of the parent igneous rocks except when these are 
ultra -basic or otherwise rich in Mg ( Rankama and Sahama 1950, p. 453). 
During chemical weathering magnesium is released mainly as the soluble 
chloride, MgCl 2, and sulphate, MgSO4 . It can also be transported 
as tiny mineral grains and as Mg -rich clay minerals - particularly if 
the source area is one of basic or ultra -basic igneous rocks. Magnesium 
is also incorporated into clay minerals by base -exchange reactions. 
The behaviour of magnesium compared to that of calcium during 
weathering processes is interesting in that while much of the magnesium 
transported to the sea remains in solution, the bulk of the calcium is 
precipitated and as a result sea water contains very little dissolved 
calcium. Although there is more than three times as much magnesium 
dissolved in sea water than calcium the precipitation of MgCO3 is much 
more difficult than that of calcite ( Rankama and Sahama 1950, P. 454). 
High contents of authigenic dolomite in calcareous rocks probably 
indicate high salinity marine conditions. Dolomite is not a mineral 
of 
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of the freshwater environment. 
During weathering processes part of the phosphorous liberated 
from minerals is quickly deposited as calcium phosphate but the bulk is 
carried to the sea. Calcium phosphate is soluble in carbon dioxide - 
bearing waters and probably also in waters rich in organic debris. 
Much of the phosphorous in sediments is deposited as calcium 
phosphate. The amounts of phosphorous present in freshwaters are low 
(5-10 mg /m3) and despite the continual addition of phosphorous to the 
oceans their phosphorous content also remains low. This is because 
phosphorous is being continually removed from sea water by processes 
largely controlled by organic agencies. The saturation point of 
phosphorous in sea water depends on the pH and its accumulation or 
precipitation depends on local biological and physio -chemical conditions. 
As the phosphorous content of sea water remains low, it follows that 
there must be a natural balance between supply and extraction (c.f. the 
behaviour of calcium). It would therefore be expected that the 
phosphorous content of marine sediments would be higher than that of 
non -marine sediments. 
It has been shown by Knetsch, Degens and Reuter (1960) that 
the amounts of iron and phosphorous present in argillaceous sediments 
are positively correlated. 
1. Dungavel group 
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1. Dungavel group (Table 20) 
These specimens are all fine grained, moderately porous and 
sometimes slightly weathered sandstones. The effect or porosity and 
low clay content on the chemical analyses is immediately apparent. 
Almost without exception the determined elements are deficient in these 
sandstones when compared to the relatively impervious argillaceous rocks 
from other parts of the succession which have been analysed. The 
variable amounts of calcium in these specimens (0.25 -4.35 %) is inter- 
preted as being largely dependent on the quantity of secondary calcite 
present. From these results it would appear that all the elements 
analysed are affected by weathering processes fairly readily and they 
are considered of doubtful value for facies interpretation, in porous 
rocks of this type. 
2. Slot Burn Profile (Table 18 ) 
This profile covers the stratigraphie range Logan Water 
formation - Monument formation. Neither iron (3.2 -5.0 %) nor phosphorous 
(0.07 -0.10 %) show systematic variation. Manganese ranges from 0.14- 
0.37%, the highest value occurring in the Slot Burn formation. The 
Fe/Mn ratio shows slight variation with a suggestion of manganese 
enrichment / 
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enrichment in the Slot Burn formation. Calcium is present in amounts 
varying from 0.16 -3.70% and reaches a maximum in the variegated passage 
rocks at the top of the Monument formation. Neither magnesium nor the 
Ca/Mg ratio show consistent variations. The specimens of the fish bed 
in the Slot Burn formation which have been analysed show no unusual 
chemical characteristics. 
Comparing the results obtained from the weathered fish bed in 
Slot Burn with the fresh material from the fish bed in the same formation 
in Birkenhead Burn, it is evident that weathering removes Ca and Mg 
preferentially. 
The Slot Burn Profile yields rather inconclusive environ- 
mental evidence and it is probable that no important change in conditions 
occurred throughout this part of the succession. The environmental 
changes that u doubtedly did take place are not differentiable by the 
chemical analyses discussed above. 
3. Leaze /Dippal Profile (Table 21 ) 
Most of the Waterhead group is covered by this profile as it 
ranges from the bottom of the Slot Burn formation down to the Passage 
formation. The principal interest of this profile is that it affords 
a comparison between thB chemical constituents of sandstones and mudstones. 
The / 
- 119 - 
The sandstones almost invariably contain lower quantities of all the 
elements analysed than do the accompanying mudstones. This is probably 
due in part to differences in amounts of clay present in the less than 
0.25 mm. fraction and to the action of ground waters percolating through 
the more porous sandstones. Similar relationships have also been seen 
in the analyses of the sandstones of the Dungavel group. 
As is the case with all the general profiles, there is little 
variation in the amounts of the elements analysed with lithology. On 
the whole the Dippal Burn formation, and particularly its fish bed 
(3.74 %), show higher calcium values than the remainder of the section. 
There is also a slight increase in total manganese as the succession is 
descended (0.19 -0.26 %). 
4. Blaeberry Burn Profile (Table 25 ) 
This profile covers the stratigraphic range Leaze formation - 
Kip Burn formation, and consequently crosses the transitional boundary 
between the "red beds" of the Waterhead group and the "green beds" of 
the Priesthill group. 
Neither iron (3.3 -4.6%) nor phosphorous (0.06-0.08%) show 
appreciable variation. Manganese is slightly enriched in the lower 
part of the profile (0.12 -0.17 %). The rocks become increasingly 
calcareous 
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calcareous in the lower parts of the profile, accompanied by a slight 
increase in magnesium. Potassium (0.22-0.46%) does not show consistent 
variation. 
When comparing the contents of calcium and magnesium with 
reference to the colour of the specimen, it is often, but not always the 
case, that calcium exceeds magnesium in green rocks while the reverse 
holds for red ones in the particular specimens studied. 
5. Logan Water Profile (Table 2 3 ) 
This is perhaps the most interesting of the general profiles, 
because fresh rock material is available for sampling. The profile 
ranges from the Dunside formation down into the Castle formation. 
There is a gradual decrease in the iron content of the 
specimens from 6.8% at the top of the section to 3.1% at the bottom. 
This is not accompanied by any significant change in the amounts of 
either phosphorous or manganese, thus recording a relative enrichment 
of both manganese and phosphorous with respect to iron, in the lower 
parts of the profile. 
The rocks also become more and more calcareous towards the 
bottom of the section. The magnesium content of the specimens does 
not / 
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not change systematically (1.08 -2.24 %) and the Ca/Mg ratio therefore 
increases as the succession is descended. 
This is one of the few profiles in which a systematic variation 
in the potassium content of the specimens can be observed. Potassium 
decreases from 0.61% at the top of the section to 0.20% at the bottom. 
From what has been said earlier on the expected occurrence 
and environmental variation of these elements, it is clear that the 
results from this profile suggest a gradually increasing salinity 
towards the lower part of the section, a fact substantiated by the boron 
data on the Test Profile. 
6. Patrick Burn Profile (Table 22 ) 
This profile, confined to the rocks of the Patrick Burn 
formation, shows no outstanding characteristics which would separate it 
from the remainder of the succession. Fe/ Mn ratios are lower than in 
most of the overlying rocks. It is perhaps important to realise that 
reliable environmental conclusions can only be made on the basis of 
this type of chemical study if the specimens analysed are quite fresh. 
No outstanding chemical differences between the environments 
represented by the Lesmahagow succession have been revealed by the study 
of / 
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of the general profiles. 
7. Calcareous concretions (Table 24 ) 
The calcareous concretions come from the Patrick Burn and Kip 
Burn formations of the Lesmahagow Inlier and the Ree Burn formation of 
the Hagshaw Hills Inlier. There is good evidence for their syngenetic 
origin. They are dominantly calcitic and contain a variable amount of 
silt. There is the possibility that small amounts of magnesium and iron 
carbonates are also present. Calcareous concretions are found in shales 
containing higher - than -average carbonate. Manganese is often enriched 
and both potassium and phosphorous deficient in the concretions when 
compared to the shales in which they occur. 
8. Hagshaw Hills Inlier (Table 2 b ) 
This profile covers the pre -Boundary conglomerate (Rolfe 1960) 
rocks of the Hagshaw Hills Inlier. With one exception the elements 
analysed show no systematic variation. This is the only one of the 
general profiles where an enrichment of sodium occurs in the marine 
environment. The pre -Parishholm conglomerate (Rolfe 1960) contain 
0.030 -0.040% Na while those above contain only 0.013 -0.024% Na. A 
similar 
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similar situation is seen in the clay fraction analyses of the Test 
Profile. In both cases Na/K ratios do not vary systematically. It 
is most likely that the sodium is held in the clay fraction. 
On the basis of the overall broad similarity in succession 
between the Lesmahagow and Hagshaw Hills Inliers it is suggested that 
the latter area also records a facies change from marine deposition in 
the Ree Burn formation and older rocks to a dominantly freshwater 
environment in the Parishholm conglomerate and younger beds. In the 
Hagshaw Hills area these two facies overlie each other unconformably and 
no passage zone is seen comparable to the Passage formation - Castle 
formation region of the Lesmahagow succession. 
4.. Summary of Conclusions 
(1) A study of the clay minerals of the Lesmahagow rocks shows that 
there are no major environmental variations. Most specimens contain 
mixtures of illite and chlorite only. Illite /chlorite ratios may 
possibly be indicators of environment, illite being more abundant in 
marine conditions. 
(2) Boron analyses made on unseparated specimens show little 
variation / 
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variation. The boron content of the clay fraction shows significant 
environmental variations and allows a two -fold division of the succession 
into a lower marine facies which passes up into dominantly freshwater 
facies. 
(3) Original organic material is present in the carbonaceous 
shales of both the Priesthill group and the Waterhead group. It is 
possible that arginine +lysine /alanine and organic carbon/hydrogen 
ratios are of value as environmental indicators. 
(4) Contents of Fe, P, Mn, Ca, Mg, Na and K show little environ- 
mental variation. Fe/Mn ratio is the most valuable indicator. Ca 
(combined as CaCO3) is concentrated in the marine and brackish water 
environments. Ca/Mg ratio has no environmental significance in this 
case. 
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E. CONDITIONS OF DEPOSITION 
1. Patrick Burn formation 
(a) Greywackes 
It is nowadays commonly accepted practice to postulate turbidity 
current transport and deposition for rocks possessing graded bedding and 
associated sedimentary structures. While this seems to be the most 
satisfactory explanation of these phenomena the situation is not simple. 
It has been observed that many of the graded units have complex 
internal structures, multiple and partial grading being common. The 
coarser, graded portion of the greywacke frequently passes up into finely - 
laminated siltstone, almost indistinguishable from the laminated zones in 
the shales with which the greywackes alternate. 
The complexities of the grading within one unit may reflect 
successive rapid pulses in one turbidity current or several discrete 
turbidity currents. Each of these turbidity currents could modify the 
pre -existing portion of the bed by erosion prior to the deposition of 
part or all of their load. 
As the upper parts of many greywackes are finely laminated it 
seems reasonable to postulate moderately quiet waters during their 
deposition. There is normally a distinct break between the greywacke 
bed 
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bed and the "shales" above and below it. This is taken to indicate that 
the material forming both the graded and laminated portions of the bed had 
the same origin. However, it would appear that, while the lower parts 
of the greywackes could have been deposited in a relatively short time, 
the upper parts may have taken much longer to settle out, under current 
conditions which were very much quieter than during the initial influx 
of the turbidity current(s). 
(b) "Shales" 
The "shales" of the Patrick Burn formation are regarded as 
representing the background sedimentation of the basin. The two 
components of these "shales" - dark finely -laminated siltstones and non- 
laminated olive mudstone - may together represent a cyclic pattern of 
sedimentation or alternatively they may represent two unrelated modes of 
sedimentation. The latter explanation is favoured as the ratio between 
the two components is very variable. 
It seems likely that the mudstone zones were laid down in 
quieter water conditions than the laminated siltstones. The periodic 
accumulation of organic material in the siltstone bands may reflect 
either frequently- changing current velocities or periodic availability 
of organic debris. The sedimentation of either or both components of 
the / 
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the "shales" may have been affected by the spasmodic incoming of turbidity 
currents. 
Both the greywackes and shales of the Patrick Burn formation 
have slump structures at various horizons reflecting unstable bottom 
conditions. In terms of the ideas of Rich (1950) these sediments are 
"slope deposits ". 
The fauna of the Patrick Burn formation is made up of two 
facies. The greywackes contain a fragmented shelly marine fauna and the 
"shales" an indigenous fauna of crustaceans and fish. Conditions may 
have been somewhat restricted as graptolites are unknown in the 
Lesmahagow area. This formation is the only truly marine formation of 
the inlier. 
The bottom muds were anaerobic and syngenetic calcite, pyrite 
and occasionally dolomite concretions were formed in them. 
Most of the material had its source in an unstable region to 
the south and south west whence turbidity currents frequently flowed into 
the basin. A subsidiary source of similar type was situated to the 
south east. The basin of deposition was elongated in a north easterly 




The marine character of the Patrick Burn formation is further 
reflected in the geochemistry of its sediments, particularly in the boron 
concentrations present in their clay minerals and the amino acid spectra 
of its "shales ". 
2. Remainder of the Priesthill group 
Geochemical data on both the oxidate fraction and the clay 
fraction of the rocks of the remainder of the Priesthill group are 
interpreted as indicating a gradually decreasing salinity through time. 
This is also reflected in the changing fauna; the crustacean fauna of 
the Ceratiocaris bed is replaced above by a dominantly eurypteridean and 
lamellibranch fauna which is itself succeeded by a fauna consisting mainly 
of Platyschisma, Lingula, and ostracods. 
The calcareous siltstones of the Castle formation most probably 
indicate deposition in brackish or even slightly hypersaline conditions. 
Grain size distributions suggest tidal sorting and the environment was 
probably near shore, shallow, with a dominantly fluvial source situated 
to the south east. 
The sediments of the Kip Burn formation represent a return to 
quiet water conditions in which dark organic rich finely laminated 
siltstones / 
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siltstones and non -laminated mudstone were deposited alternately. As 
the succession is ascended (and the salinity decreases) the dark 
laminated siltstone zones gradually die out and the sediments pass into 
the mudstones of the Blaeberry formation. 
The mudstones of the Blaeberry formation are interpreted as 
having originated in quiet, probably quite shallow water conditions where, 
at certain places, lamellibranchs, ostracods and some eulypterids thrived. 
The alternating sandstones and mudstones of the succeeding 
Dunside formation are thought to be of shallow brackish water origin. 
The sandstones have size distributions which suggest tidal sorting and 
the only remaining fossils are Lingula, Platyschisma, ostracods, and 
occasional eurypterid fragments. Worm burrowing is much in evidence. 
It is possible that some of these sediments may have accumulated in the 
intertidal zone. 
Current direction data are sparse from these rocks but those 
available indicate a source (most probably fluvial) to the south east. 
The transition between the marine rocks of the Patrick Burn 
formation and the fluviatile and deltaic deposits of the Waterhead group 
takes place slowly from the horizon of the Ceratiocaris bed upward. 
3. Waterhead group / 
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3. Waterhead group 
(a) "Red- beds" 
The base of the Waterhead group is determined by a line of 
colour change and not by a lithologic change. Some of the sediments of 
this part of the succession are olive green in colour and some are greyish 
red. The green beds are never mudcracked and very occasionally contain 
Lingula. Mudcracks are abundant in the red rocks and fossils are 
absent. The colour change takes place gradually and is interpreted as 
recording a transition from dominantly sub -aqueous deposition (green beds) 
to dominantly sub -aerial deposition (red beds). Geochemical evidence 
does not suggest any marked change in salinity across this transitional 
boundary. The sandstones of this part of the succession are fine in 
grain and their grain size distributions suggest a fluviatile environment, 
probably towards the seaward end of a delta, with the occasional influence 
of tidal sorting. 
All the red beds of the Waterhead group are very similar to 
each other in gross lithology, sedimentary structures, grain size 
distribution, composition, and geochemistry and it is concluded that they 
were all deposited under similar conditions. There seems little doubt 
that these rocks accumulated in the sub -aerial lower parts of a delta. 
(b) Green beds 
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(b) Green beds 
The sediments of both the Dippal Burn and Slot Burn formation 
are olive green in colour and dominantly fine in grain. They are 
interpreted as recording periods of deposition in permanent bodies of 
fresh or slightly brackish water perhaps following a temporary retreat 
of the delta front. Both formations are especially notable owing to 
the fish bearing horizons which they contain. The fish beds are 
finely laminated, rich in organic debris, silty, and resemble the 
"shales" of the Patrick Burn formation in overall appearance. They 
are thought to represent the deposits of quiet fresh or brackish water 
lagoons which were possibly subject to occasional marine incursions. 
(c) Massive cross -laminated sandstones 
Massive cross -laminated sandstones occur at two places in the 
Waterhead group - at the top of the Monument formation and in the main 
part of the Birkenhead sandstone. Geochemical evidence suggests that 
these are freshwater rocks. Their grain size distributions are almost 
identical to those of deltaic sands of the present day. They are 
thought to be upper deltaic deposits, probably representing an advance 
of the delta front. Most of the cross -lamination of these sandstones 
is thought to be of aqueous origin but some may well have been modified 
by / 
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by the wind. 
An analysis of the trends of foreset laminae in the cross - 
laminated sandstones and of the trends of various types of ripple marks 
in the other formations has shown that the rocks of the Waterhead group 
had their origin to the ESE. It is concluded that the rocks of this 
group record the successive advances and retreats of a delta entering 
the area from a point not far south of east. 
4. Dungavel group 
Geochemical evidence indicates that the rocks of the Dungavel 
group were deposited in freshwater. The grain size distributions of the 
sandstones and grits of the Middlefield conglomerate are of fluviatile 
type and may well have been channel sands. It is concluded that the 
Middlefield conglomerate was deposited in the upper parts of a delta 
by braided streams. 
The grain size distributions of the Plewland sandstone also 
indicate a fluviatile origin but further suggest a middle delta environ- 
ment. Frequent drying out is recorded by the abundant clay galls in 
this formation. 
The distribution of foreset laminae measured from the rocks 
of/ 
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of the Dungavel group has a fan -like spread which is considered to be 
additional evidence of deltaic conditions. The delta entered the 
area from a point just east of north and developed two principal 
distributary channels, the one trending to 160° and the other to 240 °. 
PART 3 
APPEIIDa 
LABORATORY TECHNI WJES 
A. MECHANICAL ANALYSIS 
Method and Discussion 
The objects of this study were to break down certain of the 
sandstones of the Lesmahagow inlier as nearly as possible into their 
original component grains and to determine their grain size distri- 
butions by means of a sieving technique. It was hoped that comparison 
of these distributions with those of recent sediments would throw some 
light on the environments in which the ancient sediments were laid down. 
Only sandstones which were massive, non -laminated, and fairly 
friable were studied. So far as possible the specimens were examined 
in thin section in order to determine the amount, if any, of secondary 
alteration which had taken place. Only those specimens in which 
secondary alteration was absent or had played a very minor role were 
accepted. 
A chip or series of chips weighing between 50 and 100 g. were 
broken off each specimen and pounded in an iron mortar. As disaggre- 
gation proceeded the partially prepared material was frequently sieved 
through successively finer sieves and the disaggregated fraction 
removed. In this way disaggregated grains were not subjected to any 
unnecessary pounding and therefore there was less likelihood of 
fracturing 
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fracturing them. If any specimen proved difficult to disaggregate 
by this method it was examined for fractured grains and if these were 
abundant it was rejected. The disaggregation process was completed 
in a small porcelain mortar and each grade was examined under a 
binocular microscope to determine when it was properly disaggregated. 
The disaggregated sandstones were then sieved using B.S. 
standard sieves while being shaken in a Ro -Tap machine. The size 
distribution of the fine "tails" of the specimens could not be deter- 
mined by this method as the finest sieve available had an aperture of 
53 microns. It was possible however to determine the 84th percentile 
of most of the specimens using this technique. Following the sieving 
procedure the percentage by weight of each specimen occurring in each 
grade size was calculated and the grain size distribution plotted on 
arithmetic probability paper. 
The errors incurred in this technique were not considered to 
be large. Inevitably there will have been small errors introduced 
during the disaggregation procedure which will have tended to over- 
emphasise the fine "tails" of the distributions. There will have been 
additional slight errors made during the sieving stage. 




(a) repeating the sieving process on one sample. 
(b) making analyses of samples of different weight taken 
from the same specimen. 
(c) making analyses of different samples of identical weight 
taken from the same specimen. 
The results obtained from this Test Series are shown on 
Table I . Each test yielded results which demonstrated that the 
errors of the technique were at least more or less constant and 
probably small. 
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B. MODAL ANALYSIS 
Method and Discussion 
A large number of thin sections of arenaceous rockswas examined 
in order to determine their suitability for modal analysis. Many proved 
to be either too fine in grain or to have undergone too much secondary 
alteration to make them acceptable for this study. As far as possible 
specimens were chosen which were of moderately coarse grain size, allowing 
reliable identification of individual grains, and which were of nearly 
constant grain size within their particular formation. Such a method 
of selection is necessary in order to get reliable and comparable 
results on the rocks of any one formation but it means that the 
sampling scheme can only be statistically random within one particular 
grade size, and therefore introduces a subjective bias to the study. 
For the purpose of modal analysis the components of the 
specimens were divided as follows: 
Quartz : unigranular. 
Felspar : all types. 
Acid igneous rock fragments : igneous texture plus quartz. 
Leucocratic. 
Basic igneous rock fragments : igneous texture without quartz. 
Melanocratic. 
Metamorphic 
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Metamorphic rock fragments : 
Sedimentary rock fragments : 
Vein quartz : 
"Matrix" : 
any fragments with metamorphic 
texture. 
any sedimentary texture. 
sutured polygranular quartz, not 
strained. No apparent orientation 
of any inclusions. 
remainder, including micas and 
cement. 
There are large potential errors inherent in a study of this 
kind, the magnitude of which depends very much on the ability of the 
operator to identify small sedimentary particles quickly and accurately. 
For example, it is almost impossible to separate small fragments of 
untwinned and unaltered felspar from small fragments of quartz. It is 
also difficult to identify small rock fragments correctly even when the 
classification of the components to be counted is as simple as that used 
here. There is the additional possibility that an individual operator 
will vary his identification with his experience of the technique and 
his familiarity with the rocks he is studying. Further, it is likely 
that two operators working on the same specimens would produce rather 
different results. If such errors between -operators reach the magnitude 
of the between - sample differences then there is no way of deciding 
between a real sample difference and an error due to variance between - 
operators. 
It / 
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It is possible to take account of all these potential errors 
as was done by Griffiths (1961) and to keep them under accurate stati- 
stical control in order that as much as possible of the operator variance 
and the other experimental errors may be removed. Owing to the multi- 
plicity of the sources of error however, this involves a complicated 
procedure, several operators, and much time. Such a mathematical 
control of the technique was beyond the scope of this work. 
The results of the modal analyses discussed in this thesis 
were all obtained by the author. They therefore probably differ in 
some degree to the results which would be obtained by any other operator 
but nevertheless they should have suffered fairly constant errors and 
should be comparable within themselves. 
The primary object in making this study was to determine the 
approximate bulk composition and maturity of the arenaceous rocks of 
the Lesmahagow inlier. It was also hoped that any important vertical 
and /or lateral changes in composition occurring at formation level would 
be revealed by modal analysis. Any conclusions based on differences 
between modal analyses have been based on large differences and not on 
subtleties and are considered to be valid despite the limitations of the 
technique as it has been conducted in this work. 
The modal analyses were made using a Swift eight component 
Point -Counter / 
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Point -Counter at magnification x70. The whole slide area (app. 
1.5 x 2.5 cm.) was covered in about five traverses of the mechanical 
stage, 1250 "points" being counted for each specimen. The optimum 
number of points to be counted was determined by a preliminary run on 
specimen 9H(B) where grains were counted in increments of 250 up to 
2000. It was found that after 1100 points had been counted the 
results reproduced themselves to an accuracy of 1% in the value of 
any component and this was considered satisfactory (see Table 4 ). 
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C. CHEMICAL ANALYSES 
(a) Collection and preparation of specimens 
At least 500 g. of each specimen were collected in the field, 
argillaceous material being sampled wherever possible. The specimens 
were dried at 90 °C for 48 hours and then pounded in a porcelain mortar 
and sieved through a 0.25 mm. sieve. Great care was taken to avoid 
contamination. The mortar was carefully cleaned after each specimen 
had been prepared and then a little of the succeeding specimen was 
crushed and discarded before the material for analysis was crushed. 
4 g. of crushed material were accurately weighed and treated 
with 40 ml 2N HC1 at 90 °C for 24 hours. After this time all soluble 
salts present were presumed to have gone into solution, excess HC1 
being present. The mixture was filtered and the filtrate diluted to 
100 ml. An aliquot of 25 ml was diluted to 100 ml and this solution 
was used for the photometric analyses. The remaining 75 ml was 
reserved for the determination of iron. 
(b) Extraction of the clay fraction 
100 g. of crushed material were taken in a glass beaker and 
carefully 
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carefully washed several times with distilled water. By adding a 
little ammonia the pH was brought to ten, under which conditions the 
clay minerals present should go into dispersion. After stirring 
mechanically for five minutes the specimen was centrifuged at 4000 rpm 
for 10 minutes. In many cases some of the clay minerals were not 
properly dispersed after this treatment and the whole procedure had to 
be repeated following very careful washing. This was particularly the 
case when the rock concerned contained appreciable amounts of carbonate. 
In three cases it was found that the clay minerals did not 
disperse even after ten or so repetitions of this procedure and dilute 
HC1 had to be used to remove the carbonate. These specimens (Nos. 115, 
124 and 133) could not be used for subsequent photometric analysis as 
they would have yielded elements during this preliminary acid treatment. 
It has been shown by Harder (1961) that boron is insoluble in HC1 when 
present in illite and so these three clay separates were still suitable 
for boron analysis. 
When the dispersed clay minerals had been obtained (fraction 
less than 5 microns) they were allowed to settle onto roughened glass 
slides 3 x 2 cm. as the water was evaporated at 60 °C. Such a process 
takes about 10 days to reach completion. 
Subsequent analysis of the clay minerals was done using an 
X-ray / 
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X -ray goniometer in the Max Planck Institute, Wúrzburg. Semi- quanti- 
tative data on the relative proportions of the various clay species 
present were obtained by comparing the intensities of their various 
peaks". 
(c) Determination of Boron 
The method used in this work has been described by Beck and 
Roth (1954) and modified for geological materials by Werner (1959). 
A suitable amount of the sample powder (350 or 175 mg.) was 
weighed to the nearest 0.1 mg. and mixed with 1.0 g. Na2CO3 in a 
platinum crucible. The mixture was covered with 0.50 g. Na2CO3 and 
slowly heated to 875 °C and maintained at this temperature for one hour. 
The melt was allowed to cool and the solid mass extracted with 10 ml 
1:1 H2SO4 and the solution transferred to a pure quartz beaker. The 
crucible was washed out with 5 ml distilled water and this liquid was 
added to the beaker. 
The distillation apparatus (Fig. 51 ) was so arranged that the 
sample solution could be distilled at 70 - 80 °C in an atmosphere of 
methyl alcohol. The apparatus was 'cleaned' before each sample was 
flan/ 
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run by distilling pure methyl alcohol. The sample solution was placed 
in the central flask and the beaker was washed out with about 5 ml of a 
3:1 mixture of methyl alcohol and sulphuric acid (conc.). The contents 
of the central flask were diluted usually to about 50 ml during the 
distillation process. 
The specimen was then distilled, the distillation taking about 
15 minutes. About 90 ml of distillate were collected in a volumetric 
flask containing 10 ml calcium hydroxide solution (0.1 N). After 
cooling the mixture was diluted to exactly 100 ml with pure methyl 
alcohol. Tests have shown that during this time the recovery of 
boron is about 100% (Bajor, personal communication). 
A 10 or 20 ml aliquot of this distillate was evaporated to 
dryness in a quartz glass flask. When quite dry, exactly 10 ml of 
reagent was added (a mixture of 52 mg. 1:11-dianthrimide in 1 kg. conc. 
sulphuric acid) together with a little hydrazine sulphate, and the 
specimen heated in an oven at 70 °C for 5 hours. 
The extinction of the boron complex with dianthrimide was 
measured at 630 mp. using a Zeiss colorimetric photometer against pure 
reagent. The boron content of the specimen was then obtained by 
comparison with a calibration curve prepared from known amounts of 
boron. Error ± 1 %. 
(d) Determination of iron / 
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(d) Determination of iron 
Reagents: 
1. Tin chloride solution. 
100 g. SnC12 were dissolved in 100 ml. HC1 (25 %) and diluted 
to 500 ml. with water. 
2. Mercuric chloride solution. 
100 g. HgC12 were shaken with 1 litre warm water to prepare 
a saturated solution. 
3. Manganese sulphate solution. 
200 g. MnSO4 were dissolved in 1 litre hot water. After 
cooling to room temperature the solution was mixed with 1 litre 
H2SO4 (14 N). 
4. Potassium permanganate solution. 
6 g. KMn04 were dissolved in 1 litre of hot water. After 
cooling the solution was filtered through glass wool. This solution 
should be allowed to stand for at least 10 -14 days before use. 
Method: (after Ziminerman and Reinhardt). 
The reserved sample solution (75 ml. in HC1 solution equivalent 
to 3 g. of sample) was heated almost to boiling point and the iron 
reduced with the tin chloride solution. This solution was added a few 
drops 
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drops at a time and an excess of one or two drops were given. After 
cooling to room temperature, 10 ml. of the mercuric chloride solution 
were added while stirring. 
About 400 ml. of water were placed in a large porcelain dish 
and the sample solution added. After the addition of 40 ml. of the 
manganese sulphate solution, the mixture was titrated with the potassium 
permanganate solution to a feint -permanganate pink. 
The KMn04 solution was standardised against a pure Fe solution. 
Error ±2 %. 
(e) Determination of Phosphorous 
Method: Phosphorous was determined photometrically using the yellow 
molybdenum -vanadium- phosphorous complex method. 
Standard Solution 
0.2132 g. (NH4)2HPO4 were dissolved in 1 litre of water. 
1 ml. of this solution contains 0.05 mg. phosphorous. This solution 
was diluted to concentrations of 25 - 0.1 mg. P /litre for calibration 
purposes. 
Molybdate -vanadate solution 
1.25 g. ammonium metavanadate were dissolved in 400 ml. 1:1 
HNO3 and 50 g. ammonium molybdate in 400 ml. water. The two solutions 
were 
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were then mixed and diluted to 1 litre. 
A 10 ml. aliquote of the sample solution and 10 ml. molybdi- 
vanadate solution were pipetted into a 25 ml. volumetric flask and 
diluted to 25 ml. with water. The extinction of this solution was then 
measured at 430 mp using 2 cm. cuvettes. A calibration curve was 
obtained using the standard solutions by the same method. 
Error ± 1 %. See also Knetsch, Degens and Reuter (1959). 
(f) Determination of Carbonate 
The method used was that of the evolution of CO 
2 
by dilute 
H3PO4 and its absorption in soda asbestos. The apparatus used is 
shown in Fig. 52 . 
(g) Flame Photometry 
The instrument used in this work was a Zeiss photometer and 
the details of the methodsfor the elements determined were as follows: - 
Calcium. Line 554 miu, 
Calibration: solutions containing 5 - 250 mg. Ca /litre were used 
to establish a calibration curve. The concentration of Ca 
in / 
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in the standard solution was determined by complexometric 
titration with E.D.T.A. 
Disturbing elements: magnesium, phosphorous. 
Error ± 2 %. 
Magnesium. Line 285 m/w 
Calibration: standard solutions were prepared from MgCO3 dissolved 
in dilute HC1 in concentrations of 250, 100, 50, 10, 5 mg. 
Mg /litre. 
Disturbing elements: calcium, sodium and phosphorous. 
Calcium was included in the calibrating solutions in a concen- 
tration of 2.497 g. CaCO3/litre and phosphorous in a concentration 
of 17.5 mg. (NH4)2HPO4 /litre. 
Error ± 5 %. 
Manganese. Line 403 mru. 
Calibration:: standard solutions were prepared from MnC12.4H20 in 
concentrations of 25, 15, 10, 5, 1 mg. Ma/litre. 
Disturbing elements: phosphorous. 
Phosphorous was included in the calibration solutions in a 
concentration of 17.5 mg. (NH4)2HPO4 /litre. 
Error ± 5 %. 
Sodium. Line 589 min, 
Calibration: standard solutions were prepared from NaC1 in 
concentrations / 
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concentrations of 10, 5, 1, 0.5 and 0.1 mg. Na /litre. 
Disturbing elements: potassium very strongly, also high 
concentrations of calcium. 
Potassium. Line 767 mtn, 
Calibration: standard solutions were prepared from KC1 in 
concentrations of 100, 50, 25, 10, 1 mg. K /litre. 
Disturbing elements: sodium, calcium and phosphorous 
NOTE: It is very difficult to analyse acid solutions containing both 
sodium and potassium accurately, especially if they also contain large 
quantities of calcium. In any case the method is unsatisfactory for 
concentrations of sodium less than 0.5 mg. Na /litre. A series of 
specimens were first run against pure Na and K calibrating solutions. 
The approximate ratio between the two elements was then determined and 
a second set of calibrating solutions made up maintaining this ratio 
between them. One must be very critical of the accuracy of very low 
values of Na. K is not so sensitive and is present in amounts 25 times 
greater than Na. The error in the K determinations is estimated at 
± 5%. 
(h) Analysis of amino acids 
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(h) Analysis of amino acids 
The following is the procedure adopted for the extraction of 
amino acids from sediments. See Degens and Bajor (1960) and Fischer 
and Doefel (1953) . 
150 g. of crushed specimen were hydrolysed in 300 ml. 6N HC1 
for 24 hours at 100 °C under reflux. The hydrolysate was then filtered 
off and the filtrate evaporated to dryness in a vacuum distillation 
apparatus. The residue was shaken with water and re- evaporated in 
vacuo. After a third evaporation the "mush" was taken up in a few 
drops of methyl alcohol and filtered while hot. The residue was washed 
with hot methyl alcohol until the salts remaining were colourless. The 
alcoholic solution was then evaporated to dryness in vacuo and this 
process repeated once. 
The "mush" remaining at the end of the second alcohol treat- 
ment was taken up with water and stirred with silver oxide for 6 hours 
while being gently heated (approx. 50 °C). At the beginning of this 
treatment the pH was 3 - 3.5 and at the end it was 5 - 5.5. 
After filtration, the solution of pH about 5 was allowed to 
drip slowly through a cation exchanger, the amino acids being retained 
on the exchanger. The resin was washed with three litres of distilled 
water. 
Three / 
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Three litres of 1.5N NH4OH were then passed through the 
exchanger in order to elute the amino acids. This was followed by 
1.5 litres of distilled water which was added to the ammonia solution 
of the amino acids. The ammonia was then evaporated off using the 
vacuum distillation apparatus. If salts were found to be contaminating 
the amino acids the whole procedure of cation adsorption was repeated. 
Following the final passage through the cation exchanger the 
ammonia was evaporated off as before. The residue was taken up with 
10 - 20 ml. methyl alcohol, the solution transferred to a porcelain dish 
and gently evaporated at 40 °C. Finally the amino acids were taken up 
in 0.50 or 1.0 ml. ethyl alcohol, and kept in sealed tubes in a refri- 
gerator. 
Chromatography: Firstly, in order to get some idea of the 
concentrations of amino acids present, a test sheet was made. The 
paper was treated with a Phenol buffer of pH 12 and test quantities of 
each specimen were run against a known standard in two concentrations. 
This test sheet was used to determine the proportions of aspartic acid, 
glutamic acid, glysine, theonine, alanine and serine +cystine in the 
specimens. 
Papers treated with buffer solutions of different pH allow 
the determination of other amino acids. By using a Phenol buffer at 
PH / 
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pH 1 cystine, tyrosine and valine were determined. Using a lutidene 
buffer at pH 6.2 arginine and lysine were finAlly determined. By 
using other buffers it would have been possible to analyse for other 
acids. 
The various amino acids were removed from the chromatograms 
in such a way that they formed a copper complex of sensitive tint, the 
intensity of which was measured with the colorimetric photometer and 
compared with the results obtained from the calibration standards run 
together with the specimens. 
Calibration solution used. 
Made up to 50 ml, containing 2.5 ml 6N HC1. 
Amino acids. 
Aspartic acid 47.6 mg /100 ml. 










Amino acids (ctd.) 
Isoleucine 21.15 mg/100 ml. 
Lysine H01 38.20 (30.6 mg. lysine) 




Paper background 76. 
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PLATES 
PLATE 1 
Septarian concretion. Patrick Burn formation. 
Locality Y9 (687290) 

PLATE 2 
Altered basic dyke rock. Locality U135 (697295). 
(All photomicrographs approx. x25) 
pr.ATE 3 
Highly porphyritic "porphyrite ". Massive sill 
Anchrobert. Locality Al /1 (764383). 

PLATE 4 
ttPorphyrite" dyke rock, showing rare oligoclase 
phenocryst. Locality A90 (770381). 
PLATE 5 
Basic dyke with chlorophaeite. Locality B70 (747366). 

PLATE 6 
A. Tholeiitic dyke rock. Locality U12 (707311) 




Crush zone within the Kerse Loch Fault plexus. 
Locality B193 (766344). 
-,....- . 









A. Perfectly graded greywacke, Ree Burn formation, 
Hagshaw Hills Inner. 

PLATE 9 
B. Perfectly graded greywacke cut by calcite 
veinlets with infill small faults. Patrick 
Burn formation. Locality R50 (747328). 

PLATE 10 
Multiple- grading in greywacke. Patrick Burn 
formation. Locality R84 (741327). 
PLATE 11 
Laminated greywacke with convolute bedding. 
Patrick Burn formation. Locality U57 (722309). 

PLATE 12 
A. Isoclinally folded fine -grained greywacke from 
slump zone. Patrick Burn forwation. Locality 
U116 (733313). 
B. Flow -structures in greywacke. Patrick Burn 
formation. Locality U136 (697294). 

PLATE 13 
A. Transverse ripple marks on flaggy greywacke. 
Patrick Burn formation. Locality U85 (719312). 
B. Two different types of transverse ripple marks 
on succeeding beds of greywacke. Patrick Burn 
formation. Locality U92 (720315). 

PLATE 14 
Longitudinal- ripple -load -cast on under surface 
of greywacke. Patrick Burn formation. 
Locality Ulil (730309). 
PLATE 15 
Longitudinal- ripple -load -cast on under surface 
of greywacke. Patrick Burn formation. 
Locality U87 (719311). 

PLATE 16 
Prod -marks on under surface of greywacke. Patrick 
Burn formation. Locality Ulll (730309). 
PLATE 17 
"Cabbage- leaf" structure on under surface of fine -grained 




Small scale flute -casts on under surface of fine - 
grained greywacke. Patrick Burn formation. 
Locality U84 (719310). 
PLATE 19 
Details of the intra- stratal structures of a fine - 




Convolute bedding in fine -grained sandstone. 
Logan formation. Locality A36 (754372).xl. 
PLATE 21 
Slumping in micro -cross -laminated sandstone. 
Logan formation. Locality A36 (754372).x1. 

PLATE 22 
Transverse ripple mark. Birkenhead sandstone. 
Locality P128 (693318). 
PLATE 23 
Transverse and micro -oscillation ripple marks. Dippal 
Burn formation. Locality P132 (695321). 

PLATE 24 
Oscillation ripple mark and mudcracks associated 
together. Birkenhead sandstone. Locality P38 
(710329). 
PLATE 25 
Fine -grained sandstones and silty mudstones. Monument 
formation. Locality B124 (763359). 

PT.ATE 26 
Shales with thin siltstone stringers. Slot Burn 
formation. Locality B130 (764360). 
PLATE 27 
Details of intrastratal structures in olive shale. Slot 
Burn formation. Locality A28 (758376). 

PLATE 28 
Planar cross -lamination. Plewland sandstone. 
Locality K27 (657356). 
PLATE 29 
Planar cross -lamination. Birkenhead sandstone. 
Locality P2 (710328). 

PLATE 30 
Trough cross -lamination. Birkenhead sandstone. 
Locality P35 (712333). 







































































































































































































































































































































































































































































































































































































































































































































































































Fragment of organic material. Dungavel group. 





































































































































































































































































































































































































SLOT BURN FORMATION 
MONUMENT FORMATION 




DUNSI DE FORMATION 
BLAEBERRY FORMATION 












CULL ET REDEEDS 
FISH -BED FORMATION 
DOVESTONE REOBE OS 
DOUGLAS WATER ARENITE 
PARISMHOLM CONGLOMERATE 
REE BURN FORMATFON 
SMITHY BURN SILTSTONE 
Fig. 6 


























Trends of Mineralised Veins. 
Fig. 10 
"Sketch Map Showing the Structural Setting of the Lesmahagow 
Inlier", will be found in the pocket inside the back cover 
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29 THRUST FAULTS 
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Fig. 13 
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Tentative interpretation of late Lower Devonian Stress Conditions 
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92 NORMAL FAULTS 
Fig. 17 
Distribution of the strikes of Normal Faults. 
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Scour - and -fill in laminated greywacke. xl. 
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Fig. 19 
Field sketches of Slump Structures. 
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Characteristic Ripple Profiles and Ripple Indeces. 






Profiles of Load Casts. 
o Z INCHES 
I I 
Patrick Burn formation. 
Fig 22 
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Profiles of Groove Casts. Patrick Burn formation. 
Fig. 24 
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Fig. 25 
Problematical erosional structure. Leaze 
formation. xl. 













Characteristic Ripple Profiles and Ripple Indeces. 




i. TROUGH TYPE 





Ito Ito l}a 
LON41T11DINNL. RIPPLE MARKS. 130 MEASVREMEAITS. 
PATRICK BURN FORMATION 
Fig. 28 
Current trends as determined from Longitudinal Ripple Marks. 
Patrick Burn formation. 
TRANSVERSE RIPPLE h1ARK,S- S6 MEASUREMENTS- 
Mow 355' - STANDARD DEN/IA-TIM 304 
PATRICK BURN FORMATION 
Fig. 29 
Current trends as determined from Transverse Ripple Marks. 
Patrick Burn formation. 
GR E CASTS 23 MEASUREMENTS. 
MERK 2b2'. SlRND&RD DE4IAi1oN 3.3o. 
PATRICK BURN FORMATION 
Fig. 30 
Current directions but not trends as determined from Groove 
Casts. Patrick Burn formation. 
77 laminae 
Fig. 31 
Stereogram of dips of Foreset Laminae. 
Birkenhead sandstone. 
Contours: 0, 5, and 10% 
28 laminae 
Fig. 32 













51 TRANSVERSE RIPPLE MARKS 
Fig. 33 
Current directions as determined from Transverse Ripple 










72 OSCILLATION RIPPLE MARKS 
Current trends but not directions as determined from 




Stereogram of dips of Foreset Laminae. 
Dungavel Group. 









































































































































































































































no pi0 UO 200 120 NO 260 230 700 320 
204 laminae 
Histogram of all Foreset Laminae trends. Dungavel Group. 





A14 LOGAN FORMATION 
37 MONUMENT FORMATION 
P9 LEAZE FORMATION 
P24 DUNSIDE FORMATION 
B$O/3 CASTLE FORMATION 
Characteristic Size Distribution Curves of the rocks 





























Curve characteristics of the rocks of the upper part of the 
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R12:J3.I 1(20 MIDDLEFIELD CONGLOMERATE 
FI4 K K13 PLEWLAND SANDSTONE 





Fig . 43 
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Fig . 50 
TEST PROFILE Fe : Fe + Mrt RATIO 
0.920 0.930 0940 0.950 0.960 0.910 0.980 0990 
0.910 4920 0930 0.940 0.950 4 960 0.970 0.980 0.990 
Fe : Fe + Mn 
Fig. 51 
1000ml 
























































































































RESULTS OF GRAIN SIZE DISTRIBUTION 
Notes to Tables 
The curve types with which the specimens are compared are those 
of van Andel and Postma (1952). Curve type F means that the specimen is 
part of the F or F + S series of these authors. 
The Parameters have been calculated following the scheme of 
Inman (1952), and are expressed in phi units. 
1. MdA _ 50 Phi Median Diameter. 
2. Phi Mean Diameter. Mkt = 2 (A 16 + 84) 





4. cA Phi Skewness Measure. = M - MdLV 
Abbreviations 
Lwr. 0 .R.S . 
Dungavel grp (PS) 
" 
- Lower Old Red Sandstone 
- Plewland Sandstone 
" (MC) - Middlefield Conglomerate 
n ii MC (BM) (basal member) 
LOCALISATION OF SPECIMENS FOR MECHANICAL ANALYSIS 
Locality Localisation and O.S. Grid Reference 
D8 /1 Birkenhead Burn 782369 
D11 /1 Birkenhead Burn 782367 
D12/1 Birkenhead Burn 781366 
C 2 Birkenhead Burn 777364 
B147/1 Birkenhead Burn 770360 
B146/1 Birkenhead Burn 770360 
B145 1 Birkenhead Burn 768360 
A80 1 Trib. to Logan Water 773371 
R3 1 Pockmuir Burn 758330 
B162/1 Pockmuir Burn 771340 
C15/1 River Nethan 782353 
K18 Hallts Burn 667363 
K17 Hallts Burn 664365 
K13 Hall's Burn 657367 
J96 Middle Grain 694352 
J61 Little Grain 687348 
P183 Regal Burn 691333 
P185 Regal Burn 696333 
F14 Burnbrae Burn 712421 
R12 Pockmuir Burn 755325 
J71 Powbrone Burn 691345 
K25 Hall's Burn 678363 
K24 Hall's Burn 674363 
K20 Hall's Burn 669363 
J85 Self Grain 705350 
J82 Self Grain 702349 
J77 Self Grain 697348 
J75 Self Grain 694347 
A83/1 Logan Water 767380 
J68 Powbrone Burn 687344 
J69 Powbrone Burn 689344 
A14 /1 Trib. to Logan Water 753381 
N5 Trib. to Slot Burn 677319 
N13 Trib. to Slot Burn 677314 
J7 Auchingilloch Glen 714357 
P85 / 
Locality Localisation and 0.S. Grid Reference 
P85 Trib. to Dippal Burn 704332 
P82 Trib. to Dippal Burn 703330 
B107 /1 Birkenhead Burn 761360 
B117 /1 Birkenhead Burn 763359 
B113 /1 Birkenhead Burn 761360 
B118 /2 Birkenhead Burn 762359 
B111 /1 Birkenhead Burn 761360 
E20/1 Hareshaw Burn 732400 
H5 Back Burn 721374 
H8 Back Burn 720371 
P101 Greenock Water 693312 
P68 Dippal Burn 708328 
P72 Dippal Burn 705327 
P105 Greenock Water 694314 
P124 Dippal Burn 692316 
E25/1 Hareshaw Burn 731400 
J2 Blaeberry Burn 725350 
A124 Trib. to Kype Water 750395 
B2 /1 Blaeberry Burn 727356 
B11 /6 Blaeberry Burn 730357 
P9 Leaze Burn 721328 
P2 Leaze Burn 710328 
P3 Leaze Burn 711328 
P24 Leaze Burn 719328 
P25 Leaze Burn 720328 
P26 Leaze Burn 721328 
B80 /3 Logan Water 746362 
TABLE 
I 
GRAIN SIZE DISTRIBUTION : TEST SERIES 
1. Size of sample 
2. Different samples from the same specimen 
3. Repeated analysis of one sample 
Spec. Wt(g) 16 50 84 
r1d 0-Lk) OC* 
1 B107/1 28.56 1.83 2.27 3.20 2.27 2.51 0.68 0.35 
48.87 1.86 2.27 3.24 2.27 2.55 0.69 0.41 
89.16 1.87 2.26 3.25 2.26 2.56 0.69 0.43 
2 B117/1 53.18 1.75 2.22 3.47 2.22 2.61 0.86 0.45 
53.09 1.67 2.17 3.25 2.17 2.46 0.79 0.37 
53.16 1.72 2.25 3.47 2.25 2.59 0.87 0.39 
53.27 1.72 2.20 3.46 2.20 2.59 0.87 0.45 
3 D8/1 65.43 2.32 2.88 4.38 2.88 3.35 1.03 0.46 
69.29 2.32 2.85 4.38 2.85 3.35 1.03 0.49 
69.09 2.32 2.86 4.44 2.86 3.38 1.06 0.49 
64.86 2.32 2.88 4.37 2.88 3.34 1.02 0.45 
TABLE 2 
GRAIN SIZE DISTRIBUTION : RESULTS (2) 
Formation Locality M4 Mdq 6'_y o(, 1 Curve type 
Logan A14/1 3.8 3.2 1.1 0.55 M or FM 
It N5 4.7 4.8 1.9 -0.05 M 
r' N13 5.3 4.8 2.4 0.21 M 
Monument J7 2.9 2.5 0.8 0.50 F 
It P85 3.0 3.2 0.6 -0.33 M 
ft P82 5.2 4.8 2.4 0.17 FM or M 
Birkenhead sst. B107/1 2.5 2.2 0.7 0.43 F 
It " B117/1 2.6 2.2 0.9 0.44 F 
If It Bi13/1 3.3 2.8 1.3 0.38 ? M 
n 
" B118/2 2.9 2.3 1.0 0.60 F or FM 
" " Bill/1 3.8 3.3 1.1 0.45 M 
" If E20/1 3.0 2.4 1.1 0.55 F or FM 
If n H5 2.8 2.4 0.8 0.50 F 
ft ft H8 2.5 2.2 0.9 0.33 F 
If It P101 2.8 2.2 1.1 0.45 F 
" " P68 2.7 2.3 0.8 0.50 F 
II n P72 3.2 2.5 1.3 0.54 F or FM 
n n P105 2.2 2.0 0.7 0.29 F 
It n P124 3.5 3.0 1.3 0.38 M 
II ft E25/1 2.6 2.3 0.8 0.38 F 
It " J2 2.5 2.0 0.8 0.63 F or FM 
If rr A7.24 2.7 2.3 0.7 0.57 F or FM 
Leaze f. B2/1 4.2 3.3 1.5 0.60 FM 
n " B11/6 4.8 3.8 1.8 0.56 M 
" If P9 3.8 3.1 1.4 0.50 FM 
If If P2 4.1 3.4 1.6 0.44 FM 
n n P3 4.3 4.1 1.3 0.15 M 
Passage f. P24 4.8 4.4 1.9 0.21 M 
If II P25 4.8 4.5 1.9 0.16 M 
Dunside f. P26 5.2 4.5 2.5 0.28 M 
Castle f. B80/3 4.4 4.2 1.2 0.17 M 
TABLE 3 
GRAIN SIZE DISTRIBUTION : RESULTS (1) 
Mdq c)( ̀ -Y Curve type Formation Locality M .\/ 
Lwr. O.R.S. D&/1 3.4 
r r D11/1 2.9 
" " D12/1 3.0 
Dungavel grp.(PS) 04/2 2.9 
n It (PS) B147/1 3.3 
It " (PS) B146/1 3.3 
n rr (PS) B145/1 3.4 
" " (PS) A80/1 3.3 
r Ir (PS) R3/1 3.3 
If If (PS) B162/1 3.9 
u u (PS) 015/1 2.7 
IT n (PS) K18 3.6 
" " (PS) K17 3.4 
It rr (PS) K13 3.9 
" " (PS) J96 3.4 
It II (PS) J61 3.2 
rr If (PS) P183 3.2 
II If (PS) P185 3.3 
" " (PS) F14 3.1 
Dungavel grp.(MC) R12 1.3 
n II (Mc) ; J71 1.8 
" " (MC) K25 2.4 
II r (MC) K24 2.5 
If " (MC ) K20 2.4 
r ' (MC ) J85 2.3 
" It (Mc) J82 2.4 
It It (Mc) J77 2.6 
Il n (mc) J75 2.4 
II n MC(BM) A83/1 3.6 
It " MC (BM) J68 2.5 
It It MC (BM) J69 2.3 
2.9 1.1 0.45 F or FM 
2.4 1.0 0.50 F 
2.6 1.0 0.40 F or FM 
2.7 0.9 0.22 M or FM 
2.7 1.3 0.46 F or FM 
2.7 1.3 0.46 F or FM 
2.9 1.2 0.42 M 
2.8 1.0 0.50 A'i 
2.9 1.2 0.33 M 
3.3 1.1 0.55 b. 
2.3 0.9 0.44 F or FM 
3.0 1.2 0.5o M 
3.0 0.8 0.50 M 
3.4 1.5 0.33 M 
3.0 1.0 0.40 Ìr 
2.8 0.9 0.44 M 
2.5 1.2 0.58 F or FM 
3.0 0.8 0.38 M or FM 
2.7 0.7 0.57 M or FM 
1.2 1.0 0.10 F or FS 
1.5 0.7 0.43 F 
1.8 1.1 0.55 F or FS 
2.0 1.2 0.42 F 
1.9 1.2 0.42 F 
1.9 1.2 0.33 F 
1.9 1.2 0.42 F 
2.1 1.1 0.45 F 
1.9 1.1 0.45 F 
3.1 1.0 0.50 F or FM 
2.1 0.9 0.44 F or FS 
2.0 1.0 0.30 F 
MODAL ANALYSIS 
Notes-: 
Results expressed as percentages levelled to the nearest 1 %. 
Maturity Index calculated as follows: - 
Quartz 
Felspar + Rock fragments 
Modal Analysis 
TABLE 4 
: Test Specimen No.9H(B) 
Quartz 45 41 42 40 40 40 40 
Felspar 3 6 5 6 6 6 7 
Acid ign.rk.frags 17 13 14 13 14 14 14 
Basic " " T! - 1 2 2 3 3 3 
Meta. tt tt n - 1 2 3 2 2 3 
Sed. " " it - 1 2 3 3 2 3 
Vein Quartz 16 19 18 19 19 19 18 
"Matrixt1 19 18 15 14 14 13 13 
Tot. grns. counted 253 506 732 987 1277 1525 1974 















Location and O.S. Grid Reference 
Logan Water 736346 
Logan Water 737347 
Logan Water 738347 
Gully, 1000 yds. SSE of Logan House 744346 
n n n rr n n n 744344 
6 B328 Gully, 1100 yds. SE of Logan House 746346 
7 B325 Head of Long Burn 750343 
8 R70 Headwater trib. of River Nethan 743333 
9 R63/2 If n n n n 746331 
10 R61 r r It II It 747331 
li R79/1 it It It rr r 745328 
12 U1 Greenock Water 701298 
13 U85 Patrick Burn 718310 
14 U142 Headwater trib. Ponesk Burn 726318 
15 U159 It rr It It 736319 
16 Y5/2 Greenock Water 691293 
17 B285 Logan Water 739348 
18 B324 Long Burn 751344 
19 R68 Headwater trib. River Nethan 744332 
20 R29 River Nethan 753333 
21 U143 Headwater trib. Ponesk Burn 726318 
22 B271 Trib. of River Nethan 757343 
23 B12 /1 Blaeberry Burn 731357 
24 B11 /1 if rr 730357 
25 B10 /2 rr It 729357 
26 U17 /1 Trib. of Greenock Water 707313 
27 B6/2 Blaeberry Burn 728356 
28 B3/6 rr It 727356 
29 B97/2 Birkenhead Burn 758361 
30 E12 /1 Kype Water 744400 
31 E14 /1 Hareshaw Burn 737401 
32 E8 /1 Kype Water 746402 
33 1124 Trib. of Kype Water 750395 
34 B117 /1 Birkenhead Burn 763359 
35 B118 /1 
rr n 762359 





















Location and 0.S. Grid Reference 
Hareshaw Burn 732400 
n n 731400 
Dippal Burn 692316 
Back Burn 721373 
Birkenhead Burn 760360 
Logan Water 753372 
TT n 765378 




46 B140/4 767361 
47 E3 /1 Kype Water 747418 
48 J68 Powbrone Burn 687344 
49 J69 n if 689344 
50 A87/1 Logan Water 769381 
51 A88/1 TT IT 769387 
52 B140/3 Birkenhead Burn 767361 
53 K25 Halls Burn 678363 
54 K24 it it 674363 
55 K21 If n 673363 
56 K20 n It 669363 
57 K15 TT n 664366 
58 K29 Glengavel Water 660353 
59 Kll If it 664353 
60 G1 Dyke Burn 672381 
61 G2 1060 yds. SE of Burnside farm 673377 
62 J59 Little Grain 687344 
63 J76 Self Grain 696347 
64 J77 n n 697348 
65 J82 n n 702349 
66 J80 n TT 700349 
67 B188/1 River Nethan 767345 
68 B186 n 769346 
69 J73 Self Grain 693346 
70 B145/2 Birkenhead Burn 768360 
71 B146/1 n n 770360 
















Location and O.S. Grid Reference 
Pockmuir Burn 766336 
" " 764335 
Eaglin Burn 763346 
Pockmuir Burn 771340 
River Nethan 774348 
78 B182 " " 772347 
79 B209 Eaglin Burn 762347 
80 C4/2 Birkenhead Burn 777364 
81 F12 Burnbrae Burn 712422 
82 F15 " " 713420 
83 K18 Hall's Burn 667363 
84 K13 " " 657367 
85 K17 
86 J96 Middle Grain 694352 
87 J92 It " 693349 
88 J61 Little Grain 687348 
89 A77/1 Trib. to Logan Water 776374 
90 3H Ree Burn 
91 8H Ree Burn 
92 9H(B) Douglas Water 
93 11H Parishholm farm 
94 12H Glenbuck Loch Shore 
95 14H IT II I! - 
96 17H " It " - 
97 18H " " " - 
98 01 /1 Birkenhead Burn 780365 
99 D11 /1 If " 782367 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LOCALISATION AND LITHOLOGY OF SPECIMENS 
Lithology 
Red brn. mudstn. 













Varg. silty mudstn. 
ti tt It 
Varg. bored bed 
n tt n 
Red brn. silty mudstn. 
II t tt tt 
Red brn. silty mudstn. 
tt It tt tt 
Red brn. sst. 
if it 
Red silty mudstn. 






























Slot Burn, south trib. 
677314 
Slot Burn, south trib. 
677315 
Slot Burn, south trib. 
677316 




Slot Burn 681321 
Slot Burn 681321 
Leaze Burn 720328 
Leaze Burn 719328 
Leaze Burn 719328 
Leaze Burn 717328 
Leaze Burn 713327 
Leaze Burn 711328 
Leaze Burn 710328 










Locality Location Lithology 
81 P85 Trib. to Dippal Burn Red sst. 
82 704332 H tt 
83 P82 Trib. to Dippal Burn Red silty mudstn. 
84 703330 
85 P81 Trib. to Dippal Burn Olive mudstn. 
86 703329 
87 P80 Trib. to Dippal Burn Red silty mudstn. 
88 703328 " " n 
89 P80 Trib. to Dippal Burn Olive mudstn. 
90 703328 tt t, 
91 P127 Dippal Burn 693318 Olive mudstn. 
92 





96 it t, 
97 P124 Dippal Burn Olive mudstn. 
98 692316 tt ,t 
99 P124 Dippal Burn Yellow sst. 
100 692316 tt t, 
115 U94 Patrick Burn 721316 Lam. "shale" 
116 it " 
117 U92 Patrick Burn 720315 Olive siltstn. 
118 " t, 
119 U91 Patrick Burn 719314 Lam. "shale" 
120 
121 U88 Patrick Burn 719313 Lam. "shale" 
122 
123 u86 Patrick Burn 718311 Cale. concretion 
124 Lam. "shale" 
125 " " 
126 
127 
1184 Patrick Burn 718310 Lam. "shale" 
it " 
128 U82 Patrick Burn 718308 Lam. "shale" 
129 t, " 
130 
131 
U54 Ponesk Burn 721308 Lam. "shale" 
tt tt 
132 U103 Ponesk Burn 724308 Lam. "shale" 







134 A47 Logan Water, Dunside Grn. silty mudstn. 
135 749372 fl tl It 
136 A50 Trib. to Logan Water Grn. shale 
137 749370 ft n 
138 A56 Logan Water 749369 Gr. grn. shale 
139 If it tt 
140 A69 Logan Water 747367 Lam. gr.grn. shale 
141 n It it It 
142 Calc. concretion 
143 B72 Logan Water 747366 Bl. gr. lam. shale 
144 It n n rr 
145 B77 Logan Water 745363 B1. gr. lam. shale 
146 fl rt If fl 
147 B76 Logan Water 746363 Bl. gr. lam. shale 
148 It If fl t 
149 B83 Logan Water, Shank's Dk. lam. shale 
150 Castle 745362 n n n 
151 B82 Logan Water, Shank's Dk. lam. shale 
152 Castle 746362 rr If tt 
153 B81 Logan Water, Shank's Olive mudstn. 
154 Castle 746362 
n It 
155 J1 Blaeberry Burn 727357 Red silty mudstn. 
156 If It tr 
157 B3 Blaeberry Burn Red silty mudstn. 
158 728356 n tr tt 
159 B7 Blaeberry Burn Red silty mudstn. 
160 729356 n ft it 
161 
162 
B8 Blaeberry Burn 
730356 
Red bored siltstn. 
ft ft rt 
163 B9 Blaeberry Burn Red siltstn. 
164 730357 It It 
165 
166 




167 B11 Blaeberry Burn Varg. mudstn. 
168 731358 
It it 
169 B12 Blaeberry Burn Varg. muddy siltstn. 
170 732358 Grn. gr. silty mudstn. 
171 B13 Blaeberry Burn Grn. silty shale 
172 732357 

















































































River Nethan 774348 
River Nethan 771346 
Ree Burn 762275 
Ree Burn 762276 
Ree Burn 761278 
Ree Burn 761279 
Douglas Water 762279 
Douglas Water 762280 
Glenbuck Loch shore 
762286 
Glenbuck Loch shore 
762285 
Glenbuck Loch shore 
762285 
Glenbuck Loch shore 
Lithology 
Grn. bored siltstn. 
11 11 It 
Gr. grn. mudstn. 
11 t tt 
Lam. bl. gr. shale 
1I II 11 11 
Gr. grn. lam. shale 




Cale. olive siltstn. 
11 tt II 
Red brn. sst. 
11 Ii I1 
Red brn. sst. 
11 t1 11 
Red sst. 
Red sst. 
Olive muddy siltstn. 
11 tl 11 
Gr. silty mudstn. 
I1 It 11 
Gr. lam. silty mudstn. 
11 11 It tt 
Gr. lam. silty mudstn. 
11 11 11 1I 
Gr. lam. silty mudstn. 
11 11 11 11 
Gr. lam. silty mudstn. 
II I1 11 II 
Red silty mudstn. 







No. in Field 
Table Locality 
Location Lithology 
215 11" Glenbuck Loch shore Red silty mudstn. 
216 762284 
217 14i Ree Burn Ca-c. concretion 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 155 56.39 55.36 
3 157 55.29 55.84 
4 159 55.98 56.29 
5 161 55.51 54.21 
6 163 55.60 56.24 Background: 
7 165 55.29 55.68 RUN I 55.72 mins. 
8 167 55.31 56.21 RUN II 56.17 mins. 
9 169 54.81 56.26 
10 171 55.41 55.99 
11 173 55.94 55.62 
12 175 55.03 55.63 
13 Control 55.41 55.52 













104 gamma emmisions 
counted. 
No specimen significantly 
higher than the background 
radiation. 
18 76 56.43 55.94 
19 82 56.82 56.35 
20 181 56.69 56.12 
21 93 55.27 55.29 
22 133 55.96 55.46 
23 28 55.30 55,67 
24 115 55.86 55.87 
25 124 55.21 56.57 
26 191 55.98 55.81 
27 Control 56.03 56.94 
1 
TABLE 17 
Amino Acid content of Two Carbonaceous Shales 
ACID No.181 % Total No.125 % of Total 
Aspartic acid 1.37 2.50 0.92 1.82 
Glutamic acid 0.76 1.39 0.95 1.87 
Glycine 7.12 12.96 7.14 14.04 
Theonine 3.30 6.01 3.47 6.82 
Alunine 6.85 12.47 2.99 5.88 
Cystine 4.86 8.85 3.44 6.76 
Serine 8.14 14.81 8.10 15.92 
Tyrosine 3.94 7.17 3.70 7.27 
Valine 2.34 4.26 4.21 8.28 
Arginine 3.60 6.56 3.65 7.18 













Spec. Amt.Mg. MgCO2 MgH2O Mg Rest %C %H % Rest 
125 12.188 1.100 0.350 10.901 2.46 0.32 89.40 
181 10.516 0.600 0.390 9.634 1.56 0.41 91.59 
Note: Amounts of amino acids expressed as weight percentage of organic carbon. 
Specimen 181 Fish Bed, Slot Burn formation, 
Specimen 125 Shale Patrick Burn formation. 
TABLE 18 
1. Slot Burn Profile 
CHEMICAL ANALYSES 
K Fe/P Fe/Mn Ca/Mg Mn Ca Mg No. Fe P 
33 5.0 0.10 0.20 0.65 1.32 0.46 50 25.0 0.50 
34 3.7 0.09 0.20 1.90 1.61 0.50 41 19.0 1.20 
35 3.2 0.09 0.14 0.16 0.95 0.30 36 23.0 0.17 
36 3.4 0.11 0.38 2.50 1.40 0.53 31 9.0 1.80 
37 4.1 0.10 0.20 2.86 1.94 0.35 41 21.0 1.50 
38 4.2 0.10 0.20 2.92 1.74 0.34 42 21.0 1.70 
39 4.3 0.09 0.21 0.97 1.79 0.39 49 20.0 0.54 
40 4.2 0.10 0.20 0.80 1.74 0.35 42 21.0 0.46 
41 3.3 0.09 0.32 0.81 1.84 0.25 37 10.0 0.44. 
42 4.1 0.10 0.17 0.82 1.84 0.35 41 24.0 0.45 
43 3.8 0.11 0.22 0.16 0.84 0.34 35 17.0 0.19 
44 3.8 0.09 0.19 0.17 1.01 0.31 42 20.0 0.17 
45 3.6 0.07 0.19 3.60 1.89 0.53 51 10.0 i 1.90 
46 4.2 0.07 0.19 3.70 1.94 0.39 60 22.0 ; 1.90 
TABLE 19 
2. Fish Bed, Birkenhead Burn, north bank 
181 3.3 0.08 0.20 4.06 1.25 0.52 41 19 ' 3.2 
182 2.9 0.07 0.35 7.77 1.18 0.16 41 8.4 6.6 
TABLE 20 
3. Dungavel group 
189 3.4 0.08 0.22 0.25 0.18 0.68 43 16 1.4 
190 2.9 0.08 0.16 0.22 0.23 0.88 36 18 0.96 
191 1.6 0.04 0.10 2.17 0.56 0.35 40 16 3.90 
192 2.0 0.03 0.17 4.35 1.48 0.32 67 12 2.90 
193 1.9 0.03 0.10 2.15 0.18 0.48 63 20 12.00 
194 2.6 0.06 0.16 3.85 0.22 0.72 43 16 17.50 
TABLE 21 
4. Leaze/Dippal Profile 
No. Fe P Mn Ca Mg K Fe/P Fe/Mn Ca/Mg 
59 5.8 0.09 0.26 3.69 1.74 0.63 64 23 2.10 
60 5.7 0.08 0.25 0.47 1.79 0.73 71 25 0.26 
61 5.9 0.08 0.26 0.31 1.99 0.64 74 25 0.16 
62 6.2 0.09 0.26 0.39 1.94 0.95 69 24 0.20 
63 7.4 0.10 0.29 0.39 1.94 1.10 74 26 0.20 
64 5.8 0.10 0.23 0.35 1.32 0.86 58 26 0.27 
65 6.0 0.10 0.25 0.50 1.65 0.95 60 24 0.30 
66 5.7 0.09 0.21 0.37 1.60 0.59 63 27 0.23 
67 2.2 0.05 0.15 0.10 0.58 0.17 44 14 0.17 
68 2.5 0.05 0.14 1.51 0.93 0.22 50 18 1.60 
69 4.4 0.08 0.21 1.49 1.56 0.69 55 21 0.96 
70 4.6 0.09 0.21 2.09 1.48 0.50 50 22 1.40 
71 2.7 0.06 0.11 1.18 0.45 0.24 45 26 2.60 
72 4.8 0.07 0.21 0.23 0.24 0.27 69 23 0.96 
73 5.2 0.09 0.15 0.30 0.84 0.51 58 35 0.36 
74 5.0 0.08 0.20 0.62 0.93 0.84 62 26 0.67 
75 1.3 0.04 0.10 1.22 0.07 0.26 33 13 17.00 
76 3.3 0.04 0.08 0.88 0.09 0.24 83 41 8.8 
77 0.39 0.03 0.07 0.70 0.07 0.23 13 6 10.0 
78 1.30 0.04 0.11 0.50 0.0 5 0.19 33 12 10.0 
79 4.1 0.10 0.16 0.22 1.18 0.44 41 26 0.19 
80 4.2 0.07 0.22 2.93 1.60 0.57 60 19 1.80 
81 1.8 0.04 0.06 0.10 0.27 0.39 45 28 0.37 
82 1.7 0.01 0.03 0.30 0.14 0.12 170 68 0.21 
83 3.7 0.07 0.19 2.20 1.30 0.58 53 19 1.70 
84 3.6 0.07 0.20 4.35 1.28 0.65 49 18 3.40 
85 3.8 0.10 0.20 0.60 1.32 0.53 38 19 0.45 
86 4.4 0.09 0.19 0.50 1.52 0.74 49 23 0.33 
87 4.8 0.09 0.22 2.68 1.56 0.90 53 22 1.70 
88 4.3 0.07 0.22 3.02 1.48 0.88 61 20 2.00 
89 4.7 0.09 0.20 0.30 1.56 0.81 52 24 0.19 
90 4.8 0.08 0.20 0.29 1.21 0.75 60 25 0.24 
91 3.8 0.08 0.20 3.67 1.60 0.58 48 19 2.3 
92 4.2 0.07 0.18 1.65 1.72 0.67 60 23 0.96 
93 2.6 0.07 0.17 3.82 1.28 0.46 3.0 
94 2.8 0.08 0.18 3.82 1.28 0.49 35 15 3.0 
95 2.7 0.07 0.18 3.94 1.44 0.41 39 15 2.7 
96 2.6 0.07 0.16 3.37 1.18 0.31 37 16 2.9 
97 3.6 0.07 0.19 3.50 1.44 0.52 51 19 2.4 
98 3.7 0.07 0.19 2.56 1.52 0.51 53 20 1.7 
99 2.5 0.07 0.20 2.50 0.13 0.22 36 13 19.5 
~ 
TABLE 22 
5. Patrick Burn Profile 
No. Fe P Mn Ca Mg K Fe/P Fe/Mn Ca/Mg ! 
115 3.1 0.08 0.21 2.38 1.14 0.22 39 15 2.1 
116 4.7 0.08 0.18 0.50 1.44 0.34 59 27 0.35 
117 4.7 0.08 0.17 0.49 1.44 0.35 59 28 0.34 
118 5.5 0.08 0.17 0.35 1.70 0.36 69 33 0.21 
119 5.4 0.08 0.20 1.18 1.25 0.33 68 27 0.94 
120 4.3 0.07 0.18 0.50 0.95 0.50 61 25 0.53 
121 2.8 0.07 0.19 3.29 1.05 0.53 40 14 3.1 
122 2.2 0.08 0.20 3.48 1.08 0.52 28 11 3.2 
123 5.4 0.03 0.36 11.13 1.43 0.24 180 15 7.8 
124 4.2 0.08 0.38 6.10 1.52 0.50 53 11 4.0 
125 3.5 0.07 0.24 2.75 1.18 0.40 50 15 2.3 
126 3.9 0.07 0.25 2.52 1.36 0.43 56 15 1.9 
127 3.4 0.05 0.22 1.70 0.87 0.49 68 15 2.0 
128 4.8 0.06 0.25 1. 63 1.05 0.47 80 19 1.6 
129 4.5 0.06 0.24 1.64 1.05 0.47 75 19 1.6 
130 3.5 0.07 0.15 0.80 1.21 0.44 50 24 0.66 
131 3.8 0.06 0.15 0.58 0.90 0.52 63 26 0.64 
132 1.1 0.05 0.13 2.02 0.72 0 . 56 55 8.4 1.2 
133 2.4 0 .0 5 0.13 2.60 1.05 0.31 48 19.0 2.5 
TABLE 23 
6. Logan Water Profile 
134 7.1 0.06 0.19 1.35 1.36 0.66 119 38 1.0 
135 6.5 0.06 0.20 1.99 1.61 0.57 108 33 1.2 
136 5.3 0.07 0.19 2.24 1.79 0.62 76 27 1.3 
137 4.7 0.07 0.20 3.09 1.79 0.48 67 23 1.7 
138 5.3 0.07 0.19 1.86 1.79 0.52 76 28 1.0 
139 4.8 0.06 0.22 3.50 1.99 0.47 80 22 1.8 
140 4.3 0.07 0.24 5.50 1.61 0.44 62 18 3.4 
141 5.8 0.07 0.19 2.42 1.94 0.53 83 30 1.2 
142 3.0 0.05 0.04 10.63 1.08 0.26 60 75 9.9 
143 3.5 0.06 0.24 5.63 1.56 0.13 58 15 3.6 
144 3.5 0.10 0.22 4.06 2.27 0.21 35 16 1.8 
145 3.9 0.07 0.18 2.54 1.61 0.12 56 22 1.6 
146 3.7 0.08 0.16 1.97 1.65 0.14 46 23 1.2 
147 3.0 0.07 0.16 3.64 1.48 0.12 i 43 20 2.5 
148 3.1 0.07 0.17 4.94 1.52 0.17 44 18 3.3 
149 3.6 0.06 0.16 7.30 1.65 0.47 60 23 4.4 
150 2.7 0.06 0.17 6.47 1.70 0.12 45 16 3.8 
151 3.1 0.07 0.19 9.77 1.61 0.40 44 16 6.1 
152 2.7 0.08 0.19 6.22 1.56 0.17 34 14 4.0 
153 4.1 0.06 0.18 3.45 2.21 0.17 68 22 1.6 
154 3.7 0.07 0.20 5.75 2.27 0.16 53 18 2.5 
187 2.9 0.05 0.19 7.42 1.42 0.08 58 17 5.25 
188 3.3 0.08 0.19 7.20 1.94 0.33 41 17 3.72 
TABLE 24 
7. Calcareous Concretions 
No. CO3 Ca Mg Fe P Mn K Ca/Mg Fe /Mn 
123 35.48 11.13 1.43 5.4 0.03 0.36 0.24 7.8 
142 20.50 10.63 1.08 3.0 0.05 0.40 0.26 9.9 
217 22.10 13.25 3.82 2.3 0.07 0.25 0.16 3.5 
218 38.60 11.63 0.63 5.0 0.04 0.36 0.10 18.5 
TABLE 25 
8. Blaeberry Burn Profile 
No. Fe P Mn Ca Mg K Fe/P Fe/Mn Ca/Mg 
155 3.8 0.07 0.10 0.20 0.76 0.35 54 37 0.26 
156 3.4 0.07 0.13 0.14 1.05 0.15 49 27 0.13 
157 3.4 0.08 0.17 1.20 1.21 0.49 43 21 0.90 
158 3.2 0.07 0.15 0.15 0.90 0.18 46 21 0.17 
159 2.8 0.08 0.16 0.35 0.87 0.37 35 18 0.40 
160 3.8. 0.09 0.15 0.25 1.28 0.27 /,2 26 0.20 
161 4.6 0.08 0.16 0.30 1.48 0.50 58 29 0.20 
162 3.6 0.07 0.15 0.16 1.40 0.21 51 25 0.11 
163 3.7 0.07 0.13 0.30 1.25 0.30 53 28 0.24 
164 4.2 0.08 0.14 0.21 1.52 0.15 52 29 0.14 
165 4.6 0.08 0.16 0.34 1.32 0.39 58 30 0.26 
166 4.4 0.08 0.16 0.40 1.44 0.17 55 28 0.28 
167 6.2 0.08 0.20 0.47 1.65 0.82 78 31 0.28 
168 5.2 0.08 0.17 0.31 1.61 0.28 65 32 0.20 
169 4.8 0.07 0.19 0.38 1.56 0.71 69 26 0.24 
170 4.5 0.08 0.17 0.37 1.48 0.22 56 27 0.25 
171 4.6 0.08 0.18 0.31 1.61 0.61 58 26 0.19 
172 4.3 0.09 0.17 0.29 1.52 0.19 48 26 0.19 
173 4.5 0.07 0.16 1.12 1.52 0.46 64 29 0.74 
174 4.1 0.08 0.16 1.18 1.70 0.15 51 26 0.69 
175 4.7 0.08 0.17 1.78 1.74 0.44 59 27 1.02 
176 4.6 0.08 0.17 1.87 1.79 0.10 58 27 1.0 
177 4.7 0.06 0.19 3.34 1.99 0.60 78 25 1.70 
178 4,1 0.07 0.16 2.44 1.94 0.12 59 26 
1.30 
179 4.8 0.08 0.16 1.15 1.74 0.30 60 30 0.66 
180 4.3 0.06 0.15 1.38 1.70 0.14 72 29 0.81 
TABLE 26 
9. Hagshaw Hills Profile 
No. Fe P Mn Ca Mg K Fe/P Fe/Mn Ca/Mg 
195 4.2 0.05 0.20 0.44 1.14 1.35 84 22 0.39 
196 4.3 0.05 0.20 0.63 1.52 1.22 86 22 0.41 
197 4.2 0.06 0.23 1.08 1.65 1.46 70 18 0.65 
198 4.2 0.06 0.21 1.20 1.79 1.26 70 20 0.67 
199 4.6 0.07 0.21 0.37 1.65 1.46 66 22 0.22 
200 4.3 0.06 0.19 0.90 1.28 1.08 72 23 0.70 
201 4.3 0.05 0.19 0.54 1.11 1.44 86 22 0.49 
202 4.3 0.05 0.20 0.55 1.05 1.43 86 22 0.52 
203 4.2 0.07 0.17 0.69 1.36 0.94 60 25 0.50 
204 4.1 0.07 0.17 0.77 1.28 0.90 59 25 0.60 
205 4.2 0.07 0.19 1.35 1.32 1.13 60 22 1.0 
206 4.2 0.06 0.15 0.39 0.96 0.99 70 28 0.41 














61 %'. 0.84 
1209 
210 3.8 0.08 0.18 2.73 1.36 0.67 48 21 2.0 
211 3.8 0.08 0.26 0.38 0.98 0.88 48 14 0.39 
212 3.8 0.07 0.21 1.15 1.28 0.88 54 18 0.90 
213 4.2 0.07 0.17 1.55 1.61 0.66 60 25 0.96 
214 3.5 0.07 0.17 4.50 1.61 0.27 50 18 2.8 
215 4.5 0.07 0.14 0.30 1.25 0.29 64 32 0.24 
216 4.7 0.07 0.15 0.22 1.40 0.35 67 32 0.16 
- ---j 
FIG. IO 
MAINLY VOLCANICS OF CALCIFEROUS SANDSTONE AGE 
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